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AFFTC 
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- - 

°C 
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- - 
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C D 

Airplane Total Draq Coefficient 
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Control Data Corporation 


- - 

C L 

Airplane Lift Coefficient ' 
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d 

Distance the vertical load center 
sure is offset from the center of 
(positive is forward) 

of pres- 
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For example 
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°F 
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- - 
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K. E • 

Kinetic Enerqy 


ft - lbs 

L/R 

Left/Right 


- - 

in 

Aircraft Mass 
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- - 
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- - 
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Dynamic pressure 
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r 

Wheel/Tire Radius 


inches 
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INTPODt’t i lOV 


This handbook documents the results of a study in which the objectives 
were to provide additional analvsis methods of aircraft brake systems and 
to provide the computational software to compute brake energy during air¬ 
craft brake testing. It is not a manual on how to do every t'n>e of testing, 
nor does it cover all analysis methods possible. 

Because brake testing is one of the potentially more hazardous tvnes 
of testing done at the AFFTC , control of the testing is vital. A large oart 
of this control is through a build-up sequence approaching the brake svstems 
upper energy and temperature limits, as defined bv the manufacturer or tech¬ 
nical order. The purpose of this handbook is to provide a methodology which 
will allow brake testing to b° safely conducted closer to these limits. 

Basically, the tvnes of data analysis can be divided into three areas; 
operational capability assessment, program control, and brake/antiskid sys¬ 
tems analysis. The first consists of analyzing data which is of greatest 
interest to the user. It includes fliqht manual, maintenance, and wear data. 
Program control data is used to monitor the test program bv developing trend 
information. System analysis provided an internal view into the working of 
the system and can best provide the information for problem solving and 
determining system limits. 
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THEORY 


AIRCRAFT STOPPING PROCESS 

The process of stopping an aircraft is one of enemy conversion. The 
kinetic energy of the aircraft at the start of slowing is converted to 
other forms of energy. One of the prime pieces of information needed in 
conducting brake tests is the amount of energy absorbed by the brakes. 
Looking at the major forces acting uoon the aircraft, as shown in Figure 1, 
we can see that we have the following energy sources to account for: 

1. The kinetic energy of the aircraft at the beninning of the stoo: 

K.E. = * 5 mV 2 or *sw/gV 2 

where: 

K.E. = kinetic energy, ft.- lbs. 
m = mass of aircraft, lbs. mass. 

V = aircraft inertial speed, ft/sec. 
w = aircraft gross weight, lbs. 
g = constant for gravity, ft/sec 2 . 

2. The kinetic energy added to or extracted from the aircraft by the 
thrust of the propulsion system during the stop. 

3. The kinetic energy absorbed by aerodynamic drag, including drag 
chute if used, during the stoo. 

4. The kinetic energy absorbed by wheel brakes during th® stoo. 

These are the major energy terms. Such factors as energy absorbed in 
tire flexing, tread wear, and runway slone have been neglected, due to their 
small magnitude. Runway slope can he imoortant if the testing is net done 
on a nearly level runway. 



FIGURE 1 FORCES ON AIRCRAFT DURING LANDING 


I 




Figure 2 from Reference 1 illustrates the typical variation of the 
various forces acting on the aircraft throughout the landinq roll. It is 
assumed that the aircraft is at essentially constant positive angle of 
attack from the point of nose wheel touchdown; C and C are constant and 
the forces of lift and drag vary as the snuare ofthe velocity. Thus, lift 
and drag will decrease linearly with q or V 2 from the start of stonning. 

If angle of attack is negative, additional down force would be added to the 
weight acting on the wheels. If the braking coefficient is maintained at 
the maximum value, this maximum value of the coefficient of friction (drv 
runway) is assumed to be essentially constant with speed and the braking 
friction force will vary as the normal force on the wheels annroaches the 
weight of the aircraft. 



In testing the aircraft brakes, accountir.a must be made for the enerqv 
dissipated by aircraft drag and the energy added to the brakes due to engine 
thrust. Wind will also add or subtract brake energy denending u->on direc¬ 
tion. A cross wind component can also create asymmetric lift and drn 
causing nonsymmetric braking. Therefore, brake testing should be limited 
to low wind conditions. 

Aerodynamic braking can also be effective immediately after main wheel 
touchdown for some aircraft. Some delta wing aircraft mav shorten total 
landing roll by maintaining a nose-high attitude and conseouently high 
aerodynamic drag at hiqh speeds immediately after touchdown. Aerodynamic 
braking is particularly effective during low friction runvav conditions. 

For most aircraft and runway conditions, the aircraft brakes furnish 
the most powerful means of deceleration. While details of brakino systems 
vary for each system, there are various fundamentals which are common to 
all systems. 









Friction is the resistance to relative motion of two surfaces in 
contact. When relative motion exists between the surfaces, the resistance 
to relative motion is termed "kinetic" or "slidinq" friction; when no 
relative motion exists between the surfaces, the resistance to the im¬ 
pending relative motion is termed "static” friction. The small discon¬ 
tinuities of the surfaces in contact are able to mat® quite closely when 
relative motion impends rather than exists, so static friction will 
generally exceed kinetic friction. The magnitude of the friction force 
between two surfaces will depend in great part on th® types of surfaces 
in contact and the magnitude of the force pressing the surfaces together. 

A convenient method of relating the friction characteristics of surfaces 
in contact is a proportion of the friction force to tho normal (or perpen¬ 
dicular) force pressing the surfaces together. T h‘ r proportion defines 
the coefficient of friction: 


where; 


= F /F 
C/ N 


u = Coefficient of Friction (mu), non-dimensional. 
F r = Friction Force or Retarding Force, lbs. 

F’= Normal Force, lbs. 


The coefficient of friction of tires on a runway surface is a function 
of many factors. Runway surface condition, rubber composition, shearing 
stress, relative slip speed, tire temperature, etc., all are factors which 
affect the coefficient of friction. When the tire is rolling along the 
runway without the use of brakes, the friction force resulting is simple 
rolling resistance. The coefficient of rolling friction is on an approxi¬ 
mate magnitude of 0.015 to 0.030 for a drv, hard runway surface. The 
application of brakes supplies a torque to th» wheel which tends to retard 
wheel rotation. However, the initial application of brakes creates a 
braking torque, but the initial retarding torque is balanced by th« increase 
in friction force which produces a driving or rollina torque. of course, 
when the brakinq torque is enual to the rolling torque, the wheel experi¬ 
ences no deceleration in rotation and the equilibrium of a constant rota¬ 
tional speed is maintained. Thus, the application of brakes develops a 
retarding torque causing an increase in friction between the tire and 
runway surface. A common problem of braking is the application of exces¬ 
sive brake pressure which creates a brakinq torque greater than the maximum 
possible rolling torque. In this case, the wheel loses rotational speed 
and decelerates until the wheel is stationary and the result is a locked 
wheel with the tire surface subject to a full slip condition. The relation¬ 
ship of friction force, normal force, brakinq torque, and rolling is 
illustrated in Figure 3. 







By taking a closer look at the tire-to-runway relationshin, a 
better understanding of the aircraft stopping process can b^ gained. 
Whenever a horizontal, tire-to-runway force is generated, some slip 
always occurs between the tire and runway. This is due to the elastic 
nature of the tire and is true for anv force and any tvn» of runway 
surface. Figure 4. shows a tynical slio/drag curve for a braked, tired 
wheel. Values vary according to runway condition, tire tvne, condition, 
and loading, but the general shape of the curve is alwavs the same. 

The curve shows that as brakes are progressively applied, dran and si in 
increase up to a ooint of maximum drag, y , after which a further in¬ 
crease in brake torque results in an increase in slip accompanied by 
a reduction in drao. 



(Curve profile varies greatly, depending 
upon runway surface and tire condition/type.) 

FIGURE 4 ADHESION/SLIP CURVE 


There are thus two nossible tire-to-nround conditions durino the 
braking process. The first is a stable conditional "slio” at values 
ud to a slip ratio, X , in which brake torque is balanced by fir^/qround 
drag. The second is a^ x unstable condition of "skid" in which the forces 
of brake torque and tire/ground drag become unbalanced, with an excess 
of brake torque acting to decelerate the wheel rapidlv towards a locked 
condition. This second condition is clearlv undesirable since it re¬ 
sults in partial loss of braking effort and can leaf! to loss of direc¬ 
tion control and damage or blow tires. Typically an r-15 with locked 
wheel will blow a new tire in less than 3f>0 feet. 


II 












BRAKE ENERGY 


Brake energy must be computed in order to control testing. The 
energy which the brakes absorb is a part of the total aircraft energy. 
Other contributions to total aircraft energv are thrust, aerodvnamic 
drag, and tire scrubbing. 

Reference 2 develops a set of equations from which stopping distance 
and brake energy can be computed. These enuations are valid between 
any two braking velocities, where the aircraft configuration and ground 
attitude are constant. Several other assumptions were made in devel¬ 
oping these equations. 

1. An average coefficient of friction can be used together with 
the vertical forces of the aircraft exerted on the runvav to describe 
braking forces. 

2. The aircraft-runway reaction loads are concentrated on the main 
landing gear. This, of course, is not exactly true, but the computed 
stopping distances and brake energies will not be affected, since the 
braking coefficients used to compute stopping distance and brake energy 
are derived using this same assumption. 

3. Aerodynamic forces due to wind are assumed to tie a function of 
ground speed and ambient air density rather than airspeed. This assumn- 
tion is valid for low wind speeds, whicn should b^ a limit for brake 
testing. 

4. Idle thrust can be reasonablv well defined an a function of 
velocity squared. 

5. Rolling friction is included with the braking coefficient of 
friction. 

In order to compute brake energy we must first determine the 
average brake coefficient, p_, and in order to do this the lift and drag 
coefficients (C T & C ) and tne thrust versus velocity function must be 
known. 

To determine rolling friction and lift and drag coefficients a 
coast down test (no braking) can be conducted. The data required 
should be obtained at low gross weights and at high initial speeds. 

These conditions can easily be met during a landing. As soon as the 
aircraft touches down it should be configured to the desired confinu- 
ration and then be allowed to decelerate to as low a sneed as practical 
prior to braking or adding power for a go-around. 


BRAKE TESTING ANALYSIS MFTHODS 


BRAKE TESTING COMPUTER PROGRAMS 

Introduction ; 

Four computer proqrams have been developed to assist the engineer in 
monitoring brake performance. These programs are based on the AFFTC-TIM- 
71-1003, May 1971, Reference 2. Other programs have been developed for 
computation of braking coefficients and brake energies. These data analysis 
programs may be used with the same effectivity as the ones presented here 
providing one takes into account such things as forward or reverse thrust 
and lift and drag for both the computation of braking coefficients and brake 
energies. These programs are relatively simple ano easy to use and are 
fully operational. 
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The four programs are: 

1. (THRUST) A pronram-to define forward or reverse thrust as func¬ 
tions of velocity squared, V . This program is used to provide constants 
for the braking coefficient and energy proqrams. 

2. (DRAG) A program which will extract aircraft draq coefficient 
data from unbraked coast down data. 

3. (COFS) A program which will compute average brakinn coefficients 
and brake energies between any two braking speeds wherein thp aircraft 
configuration is constant. The program computes hraVp energies for tii° 
entire aircraft so that if an aircraft has two brakes, the eneray per 
brake is half of the total brakinq energy. 

4. (SPF.ED) Because not all aircraft that will be tested are oouinm-d 
with inertial navigation systems with ground velocity readouts ror the 
pilot, it is necessary to have the capability to quick 1” commit ' th~ indi¬ 
cated airspeed (pneumatic system) where the brakes must ' a- dic l to pro¬ 
vide control of the brake energies. This nrouram provides an equation 

for rapid computation of the indicated ai rsoeed to obtain the d-si red. taru’t 
ground speed for brake application. 

Each of the four programs has the same general format for o-eration. 
Each program requires control cards, followed bv the proaram itself, 
followed by user supplied data. Each section is separated )■" an end n f 
record card (7/8/9 in column 1 for C.D.C). 

The control cards used for most operations consist of a jo! control 
card, followed by a FORTRAN compiler control card, followed bv an LOO 
control card. Figure 5 shows a sample of these control cards. 



FIGURE 5 CONTROL CARDS 
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Program THRUST Input/Output » 

The data needed for program THRUST consists of ordered pairs of 
F fc and V , where F is engine thrust divided by ambient pressure ratio, 

F./6 a , and V is equivalent airspeed. Each ordered pair is placed on on“ 
data card in the format (F10.2, 10X, F10.2), with F being first and V 
second. Although the program needs only two data points to operate, tfie user 
should provide at least 8 data points to insure statistical validity. 

These data can be obtained from enqine manufacturer's data or if the air¬ 
plane is instrumented for thrust, it can be obtained from test. Figure 
6 is given for further clarification of format. Sample output for program 
THRUST is shown in Figure 7. 



r 


THKUM M -ff*£ -5PH-P 


— *r#e.i>e- -sttjtr—t>t- - f-tvrvt- 


- 


FIGURE 7 


PROGRAM THRUST SAMPLE OUTPUT 









Program DRAG Input/Output 


Program DRAG data consists of general data including aircraft constants 
and ambient air data, and coast down sneed and distance data over two speed 
ranges. Each parameter value is placed on one card, along with an identi¬ 
fier for that parameter, and read in the format (A10, lnx, F20.?). Table 
1 summarizes the data needed and the required identifiers to he used on 
the cards. Figure 8 is given for further clarification of format. Sample 
output for program DRAG is shown in Figure 9. 


Data loentifter Code 


Data (See Table l for units Required) 


1 , I 
tHl I 



FIGURE 8 


PROGRAM DRAG DATA FORMAT 
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FIGURE 9 


PROGRAM DRAG SAMPLE OUTPUT 








TABLE 1 

Program DRAG Data 


Required Data 


Identifier Code 


Wing Area (sq ft) 

Aircraft Weiqht (lbs) 

Ambient Air Density Ratio 
Thrust at Zero Speed (F /5 ) 

o 

Slope of Thrust Curve 
Coefficient of Lift 
Initial Speed - First Speed Ranqe 
Final Sneed - First Speed Ranoe 
Distance Traveled - First Speed Ranqe 
Initial Sneed - Second Speed Ranqe 
Final Speed - Second Sneed Range 
Distance Traveled - Second Sneed Ranqe 


WING AREA 
WEIGHT 
DENSITY 
THRUST 


SLOPE OF T 
LIFT COEFF 
SPI-1 
RPF-1 

DISTANCE 1 

SPI-2 

SPF-2 

DISTANCE 2 


Program CQFS Input/Output: 


Program cors data consists of general data including aircraft constant 
and ambient air data, and specific brake test data. Each oarameter value 
ia placed on one card, along with an identifier for that oarameter, and 
read in the format (A10, 10X, F20.2). Table 2 summarizes the data needed 
and the required identifiers to be used on the cards. rianre ft shows the 
same format required to input the data needed for Program COES. Samnl« 
output for the program COES is shown in Figure 10. 


/« * ' . 


FIGURE 10 


i * « t > i 


PROGRAM COFS SAMPLE OUTPUT 


TABLE 2 


Proaram COFS Data 


Required Data 

Identifier Code 

Uinq Area (sn ft) 

WING AREA 

Aircraft Weight (lbs) 

WEIGHT 

Ambient Air Density Ratio 

DENSITY PA 

Thrust at Zero Speed (E. /3 ) 

fc o 3 

Ti , PUS m 

Slope of Thrust Curve 

SLOPE OF T 

Coefficient of Lift 

LIFT COEFF 

Coefficient of Draq 

DRAG corrr 

Initial Speed 

INITIAL SP 

Final Speed 

FINAL 5PFE 

Distance Traveled 

DISTANCE 









Program SPEED Input/Output : 

Program SPrF.D data consists of general data including aircraft con¬ 
stants and ambient air data, and specific brake test data. Each narameter 
value is placpd on one card, along with an identifier for that narameter, 
and read in the format (A10, 10 X, F20.2). 'fable 3 summarizes the data 
needed and the required identifiers to be used on the cards. rigure 8 
shows the same format required to innut the data needed for Program SPEED. 
Sample output for Program SPEED is shown in "iqure 11. 

> 1 A y f \ . ; .i 

•If JOf'I /•/•.* i.* • ‘• c" . 

Diviiiy \ 

I *• h T ***• •. j»1 - 

*1 .Vi O I ... J 

t!M U'kef • ~ - - — - - * ~ • • ■-. - — 

C01> I . lv 

CO - .- . l<» --- - -- - 

fcNttfCY 27!>OOJ.OO 
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FIGURE 11 


PROGRAM SPEED SAMPLE OUTPUT 


'TABLE 3 


Program SPEED Data 


Required Data 

Identifier Code 

Wing Area (sq ft) 

WING AREA 

Aircraft Weight (lbs) 

WEIGHT 

Ambient Air Density Ratio 

DENSITY ;iA 

Thrust at Zero Speed (F /5 ) 

r o 

THRUST 

Slone of Thrust Curve 

ST.nPF or T 

Coefficient of Lift 

LIFT COEFF 

Coefficient of Drag 

DRA.G COEEF 

Braking Coefficient 

BRAKING CO 

Desired Brake Energy (ft-lbs) 

E'lFRCY 
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PROGRAM CO'ITROT, PLOTS 


Program control plots are required to give the test engineer an 
idea of the trends involved with the tests. Plotting the data from 
each individual test provides a graph of information which can be 
used to identify deviations from expected results and to predict crit¬ 
ical test points. Without such trend information, some problems ma" 
not be identified and unexpected results may he mor° freouent than 
normal. 

One very useful type of control nlot consists of peak brake tem¬ 
peratures versus input, brake enerav (Finure 1?). Since most brake 
tests are. done in an increasing aircraft kinetic energy method, this 
tvne of nlot can be used to identify when dangerous t o nn a ratur? levels 
can be expected. This tyne of plot is generated from dynamometer 
tests, normallv presented in the contractor’s brake qualification re¬ 
port, therefore flight test data can be overlavad on the dvnamometer 
data to identify deviations. 



FIGURE 12 PEAK BRAKE TEMPERATURE VS BRAKE ENERGY 


’"he only difficult nortion of this analysis is detarmining how 
much of the aircraft kinetic energy actually was absorbed bv the 
brakes. References 2-5 all nresent methods of computing brake en¬ 
ergy and any consistently used method should work. The method from 
reference 10 was presented in the Brake bnergv Section. 

Another type of tracking plot is average braking coefficient vs input 
brake energy (Figure 13). This method computes an average value of braking 
coefficient for each run and plots this versus energy absorbed by the 
brakes. (See References 2 and 3.) Since coefficient of friction 
may be relatively constant for some classes of brakes (carbon, for 
example), this trend information would only show significant chanqes 
in braking coefficient with increasing energy absorption by the 
brakes. Steel brakes, for example, show a decrease in average brak¬ 
ing coefficient with increased absorption. This is due to brake fads. 
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FIGURE 13 AVERAGE BRAKING COEFFICIENT VS BRAKE ENERGY 


A similar type of macroscopic analysis for trend information 
would be plotting average slip ratio obtained during a run versus inertial 
velocity (Figure 14). Slip ratio is defined as the difference between 
aircraft velocity and wheel velocity divided by aircraft velocity. 


o 



o. 


INERTIAL VELOCITY (ft/sec) 

FIGURE 14 SLIP RATIO VS INERTIAL VELOCITY 


As with the average braking coefficient, the slip ratios achieved 
should be consistent and any major deviation would be a cause for 
deeper investigation. 

Program control plots enable the test engineer to monitor the 
nulse of the braking system. Major, unexplained chanqes are signs of 
some problem in the system and additional analysis should be done be¬ 
fore the program continues. In this way, some of the danaers of 
brake testing can be limited and the test program will be under con¬ 
trol . 


i 
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BRAKE/AiJTISKID SYSTTN1 ANALYSIS 


Introduction : 

The qoals of this type trstinq are to obtain ar in-depth for 

■ O'..' the braking system works and to determine how efficiently the 
svstem takes advantaqe of the braking conditions. Tht r=oui remeii*- for 
svstem analysis data exists to provide an ir side look a 1 - fr= working 
^ ^fcm • ' sing only an external view, such as stopping distance achieved 

t-'aa test engineer cannot diagnose problems nor Predict how th“ S’-sr=n 
'.-.ill react under different conditions. Bv analysing th® svstem on 
the micro level, the test engineer can better understand the S' -stem 
and doesn't have to test to failure. 

This type of data analysis cannot be obtained cheap]", however, 
first of all, highly accurate instrumentation has to h» installed on 
the test vehicle to tell the story o f the svstem. Secondly, t*’® data 
analysis software and procedures have to be developed an' check “d out. 
Third, the reduced data has to be processed ouickly enough to h= used 
before subsequent tests. All of these take dedicated time and mon=”. 
Without this supnort, the analysis efforts will )■» of limited use. 

it is preferred that the data be telemetered from t'’=> aircraft so 
as to be available to the engineer (s) and t = st conductor in near real¬ 
time. This is necessary for control of the testing as «■>] 1 as for 
rapid data analysis between tests. 


Antiskid Operation: 


The theory of operation for an antiskid svstem can be l“arn°d 
from manufacturer's literature. Determining how well it actually 
works requires analysis of the system on the a'rcraft. t 0 do this, 
special instrumentation of the antiskid svstem control unit ,hn~ to be 
installed. The location of instrumentation varies with the different 
antiskid system control logic. The following paragraphs present an 
example of what could be done for one antiskid system. 

One common antiskid system is the Hvdro-.Vire Nark III. Basical 1", 
the Mark. Ill is a velocitv-rate-controlled system. The antiskid con¬ 
trol loqic compares the instantaneous wheel velocity (computed from a 
digital wheel RPM counter) to the aircraft forward velocity (derived 
by subtracting the commuted deceleration from the last known free 
wheeling velocity). If the difference between the two velocities 
exceeds a threshold value, the antiskid releases t^e 1 rakes to allow 
the wheels to spin uo. '"his threshold velocity is initially s-t- at 
11 feat per second hut decreases with increased s' id activity. ( r 'or 
a more detailed description of the bark III antiskid s”stem, see Ref¬ 


erence 6.) , , 

It should lie noted that in previous systems t=sts, the manufactur¬ 
er's description did not agree with how the system actual 1" was built 
to operate. If the tests show the system does not overate in accordance 
with the manufacturer's description, before you can determine if a 
malfunction has occurred you must first determine i f this in real.v 
how it is designed to work. These discrepancies are probabl-' the 
result of poor communication between system designers and manual wrrt- 


rJ ' Analysis to determine how well this svstem works would center on 
testing the accuracy of the velocities it uses and testing how close 
the system operates'at its a-1 f-imoosed threshold value. Th-~ first 
will show if the innuts to the system are valid. .s-conr w 11 ..in 
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if the system controls brakino to the b«st of its ability. 

To test the antiskid values, duplicate irstrumentation could have 
to be installed. RP M counters could be recorded, converted to ••te.ii 
velocity and checked aqainst the antiskid value. Accurate space posi¬ 
tioning data obtained from either external (Aa'ania! or interna] (ir r- 
tial Navigation Systems - IN’S) could be used to d«termir.-» aircraft velocity 
which can be compared with the antiskid derived value. 

Vo test the internal efficiency of the s"..t->r., t •' veloci tv data 
could be used to comnare slip velocities and slip ratios. Th~ si in 
velocities could then be compared to the antiskid threshold value to 
determine how optimallv the svstem is beinn controlled. Th< best brak¬ 
ing generally occurs at slip velocities between 10% anc 20% of the 
aircraft velocity or at slin ratios between 0.1 and 0.2. (S’s" !^‘»rsr" 

7 , 8 , and '). ) 

brake/Antiskid Compatibility : 

Much of the AFFTC brake testinn has been done to compare differ¬ 
ent hrake disks. This tvne of testing requires an aral'/si- of th° 
compatibility between the hrake and antiskid s"st"ms in addition to 
tests on the hrake disks themselves. A main area o r interest would be 
in the brake torque response to changes in antiskid applied brake pres¬ 
sure. Runwav friction transition response will also provide som° aood 
information. 
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nynamic Pressure Torque Response : 

The torque response to changes in applied brake nressure provides 
a good indication of brake/antiskid compatibility. booking at th<~- 
pressure-torque plot for a brakinq run shows the response of the brake 
pressure applied by the antiskid system. figure l r , is an examnl® of 
such a plot. 



The plot clearly shows the hysteretic nature o f t^e pressure-toroue 
relationship. Point A represents the minimum pressure repaired tc 
collapse the brake stack to beoin torque response. As the pressure on 
the brakes increases, the torque developed the brakes also increases. 
This continues until the torque exceeds the available ground r e acf.ior 
force and the wheel enters a skid. Point B. Th« antiskid svstem directs 
the skid and dumps the brake Pressure. As the pressure drons, bovver, 
the brake torque for a given brake pressure is hioh»r than it was when 
the pressure was increasing. This is in part due to brake surface 
friction characteristics, brake stack construction, and hydraulic laas. 
In general, smaller hvsteresis loons mean a better brake stack. 

Ideally, the brake pressure plot should be a sinnl<^ 1 i n» without 
hysteresis (Figure 16). 



FIGURE 16 IDEAL PRESSURE VS TORQUE RELATIONSHIP 
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hat w., 'or a given brake pressure input there would onlv b® one torque 
possible. The antiskid system could then determine the optimum torque 
• 'r iir.ii:in(i and keen the brake nressure at that level. 

in actuality, the wide ranrje of nressure which can produce a de¬ 
rived torque output necessitates wide variations ir annli“ri brake 
pressure. i'omnar i son of the dvnamic uressurn-torrui? rsgoons® should 
provide a good feel for the relative effectiveness of t v -e brake stack''. 

huch tests can l>e easily run or. a dynamometer but should also be 
done on aircraft to insure desired performance. It should be not "d 
that snecial tests are not needed to acquire this data. 

Punway Friction transition Response : 

Ir. audition to looking at the nressure-tornue r^soonse, investi¬ 
gation of the system response to chanqing runwav fric-Mon cou 1 d prove 
interesting. The system resnonse as t^e landing g ar goes from a dry 
surface to a wet surface will reflect or the effect i v.-'r.e'-n o* t K e sys¬ 
tem. l 'uch tests are routinely accomnlished at the Lar.ole - ' handir : 

loads Facility. (See References IP, 11, and 12.) 

Figures i.7 and 18 are examples of t'-'o different antiskid s"st B its. 
They are interesting in the fact that thev show two v^r" di f ferent re¬ 
snonse characteristics. Ir. Figure 17 the wheel soeed and brake pres¬ 
sure dron off as exnected when the aircraft encounters t -. u ~ flooded, 
area. The same, occurs in Figure 18 but the w l 'eel speed increase*- muck 
more quickly, which allows the brake pressure to b° r®anplied more quick 
ly and braking can once more begin. 

The long time required for the brake pressure to increase ir. Fig¬ 
ure 17 shows that the system responds slowly to the channinq runwav 
condition. Imanine what could happen i e there were a number of Mdl ,r 
soac.ed muddles on the runway; it is possible that v*rv little braking 
v.ould occur. 



FIGURE 17 


ANTISKID RESPONSE 1 







Tne high frequency brake pressure of the signals in riouie la 
shows that the antiskid system can respond very quickly to changing 
conditions. The activity after the aircraft passes into the flooded 
area shows that the system continues to brake under the degraded con¬ 
ditions, although to a lesser degree than before. Fiaure 17 signal 
activity in the flooded area is much less and signifies braking to a 
much lesser degree. 



FIGURE 18 ANTISKID RESPONSE 2 


The differences in response could be due to differences in the 
antiskid systems or in brake/antiskid comnatibilitv. In either case, 
rapid response and hiqh frequency cycling generally represent the best 
braking. Whether comoarinq different antiskid systems or different 
brakes on one antiskid system, the svstem response is verv important. 

Braking Efficiency : 

Internal analysis of the antiskid system provides a good under¬ 
standing of the system operation but the analysis of how v.’ell the sys¬ 
tem takes advantage of the available friction forces provides the best 
measure of brakinq efficiency. The difficulty in this t'm° of analysis 
is measuring the parameters in the highly dvnamic environment of the 
landing gear. Good analysis, therefore, requires verv accurate 
instrumentation and data recording. 

Efficiency calculations involve aoproximatina the maximum avail¬ 
able braking level and determining the percent of this l°vel which is 
achieved by the braking system. The most common procedure used is the 
time historv plot of a measured parameter (usually drag force, brake 
torque, or brake pressure)(Fioure 19). The peaks of the time history 
curve represent the points of incipient skid. At these points the level 
of braking was reduced to prevent a locked wheel skid. Straight lines 
connecting the peaks represent the maximum available braking force. 
Therefore, the efficiency of the system is the ratio of the area under 
the time history curve to the area under the peak-to-peak straight 
lines. The ratio of these two areas results ir a percentage figure 
which approximates how well the antiskid system controlled the braking. 
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FIGURE 19 EFFICIENCY CALCULATION PLOT 


-'he parameters normally used in efficiency calculations are drag 
force, brake torque, and brake pressure. The following sections exnlain 
the annroximations and problems involved with each of these narnn^t-ers. 

The purpose of these sections is to present seme of thp errors involved 
with using the efficiency calculations. 

The analysis methods should not bn used blindly without knowing 
possible sources of error. The sections occur in order n f de'-r^ae i nu 
validitv. nraq force efficiency involves the least possibility for error, 
brake torque is next, and brake oressure efficiency involves the great¬ 
est possibility for error. The order of occurence, however, is also 
of increasinq ease of measurement. So the method of analvsis will 
depend on how willing the urogram manaqer is to trade accuracv for 
effort or cost of instrumenting the aircraft. 

Drag Force: 


Drag force is the horizontal force 
the ground during brakino. The maximum 
obtain is a function of the coefficient 
tical load ( f ’ vert ) on the tire, or 


generated between the tire and 
value which this forc° car. 
of friction (t) and the v-r- 


r = u F 

Drao.. vert 

Max 

For maximum braking, this maximum value of drag force should be achieved. 
Obtaining this optimum draq force, however, is very difficult since both 
V and the aircraft load are changinq during braking. n ’h“ objective for 
antiskid systems is to find the maximum available force ant’ brake at 
that level. 

The peaks of the draq force time history olot thus represent the 
maximum available braking force. These peaks are clearl” the points of 
maximum braking and using the ratio of the areas to determine braking 
efficiency is valid. The only source of error is in the recording of 
the data. If the instrumentation and data recording are accurate, this 
procedure will provide excellent efficiency data. 

The AFFTC, however, has little experience in instrumenting for drag 
force. Such work has been contracted out but this adds exoense. The 
size and orientation of the landing gear structural members make th° 
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instrumentation difficult. In the NASA Lanqley tests, (see References 

» 3nd 12) , the strut was replaced by five dvnomometer sunnort beams 
Two of the beams were used for measuring vertical forces, two were used 
for drag forces, and one was used for side forces. Three accelerometers 
on the test wheel axle provided information for inertia corrections to 
the force data. If this problem of data collection proves insurmountable 
the next best efficiency calculation would be brake tornue. 

Torque : 

Brake torque is the wheel spin down torque created by mechanically 
brakina a rolling aircraft with wheel brakes. It is a resistive torque 
and must equal the sum of all the other torques aotinn on the wheel at 
any instant. 



MOTION 


FIGURE 20 


WHEEL TORQUE AND MOMENTS DIAGRAM 


From Figure 20, the eciuation for brake tornue (t) ir 


T = F 


Where: 


Drag 


h - F 


vert 


d + la 


F is the drag force acting on the tire a*- the ground 

h is the distance between the ground and the wheel axl“ 

F vert t * ie vert i ca i force acting on the tire at the ground 
d is the distance the vertical load center of pressure is 

offset from the center of the tire (positive is forward) 

I is the moment of inertia of the rotatinq wheel 

a is the angular acceleration of the wh.e°l (positive is spin 

down) 

u is the angular velocitv of the wheel 

This shows that brake torque cannot b° completely defined by the 
product of drag force and its moment arm. ^his product mav closelv 
reflect the torque when the tire operates at a fixed slin vr-locit'' 
where a becomes negliaible and d is rather small. However, in most 
cases antiskid cycling results in rapid wheel sneed changes and siqnif- 
icant shifts in the fore and aft position of tie tire footprint center 
of pressure (d) . 

Therefore, it is important to understand that when brake tornue is 
used to approximate brakina efficiency, the results will not be identi¬ 
cal to those obtained from drag force data. NASA Langley comparisons 
of the two efficiencies show that the differences are small. Th° NASA 
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Landing Loads Tacility has a much more consistent braking surface than 
most runways, thus their coefficient of friction for the surface did 
not vary as much as it does in real brakinn situations. Paint, rubbpr 
deposits, and surface inconsistencies nrovide for a much more changing 
available friction force and this may cause the differences between the 
torque and drag force efficiencies to be greater. 

Drake Pressure: 


Brake pressure is the pressure of the hvdraulic fluid which compress¬ 
es the brake stack. It is often used for efficiency det.erminat i on since 
it is very easy to measure. The neak values of brake pressure on the time 
history plot represent the noints at which the antiskid detected a skid 
and then reduced the pressure. 

However, even more so *-han with brake tornue efficiency, there is a 
question of how well the brake pressure peaks actually represent the 
points of true peak draci forces. Since the level of pressure is produced 
by the antiskid and not by the extent of brakinn, the brake pressure peaks 
could be somewhat offset. For instance, the peaks could be lower because 
the antiskid reacted to some threshold other than peak brakinn, or the 
peaks could be higher due to some lag which causes the brake pressure to 
continue to increase while the wheel is actually entering a skid. 

As with brake torque efficiency, NASA Lanqley results show that pres¬ 
sure efficiencies do correspond with drag force efficiencies but differences 
in the level of test control could change results. Brake pressure efficien¬ 
cies can be used but the possible errors should h® understood. 

TFST PLANNING 


ADVANCE PLANNING 

When the Flight Test Center is assigned as the Responsible Test Organi¬ 
zation (RTO) for brake system testing, a certain amount of advance planning 
is required. An estimate of the number of fliahts (ground tests also) and 
hours required to evaluate the system will be made, 'nhe number of tests 
and hours will depend upon the t°st objectives and other factors which 
must be agreed upon between the RTO and test sponsor. 

OBJECTIVES 

General objectives for braking tests and antiskid comnatihi 1it" tests 
are as follows: 

A. Determine brake compatibility with respect to: 

(1) Antiskid system (wet and drv runway) 

(2) Aircraft structure/landing gear structure 

(3) Engine run-up capability (wet and dry brake) 

(4) Wheel and tire temperature (relationship with energy 
absorbed) 

(5) Aircraft directional control (differential brakira) 

(6) Mixed brakes, i.e., brakes from one vendor on one side of 
aircraft and brakes from another vendor on the other side 
of the aircraft. 

B. Gather brake stack wear data 

C. Gather maximum brake stack temperature data vs brake enemies 
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D. Perform reliability and maintainability evaluation 

E. Obtain comparative braking distance data 
INSTRUMENTATION 


The following instrumentation is recommended for all brake and anti¬ 
skid compatibility tests: 


PARAMETER 

TYPICAL 

FREQUENCY 

PRIORITY 

COMMENTS 

Brake Pedal Force 

RANGE/UNITS 

0-200 lbs 

RESPONSE 

. 5hz 

SEE NOTE 

B 

L/R 

Rudder Pedal Force 

or Position 

0-200 lbs 

20-100hz 

B 

Both L/R 

Nose Gear Angle 

+ 70° 

5hz 

C 

- 

Nose Gear Strut 

Pressure 

0-2000 psig 

20-100hz 

C 

“ 

(used to determine 
weight on nose gear) 

Skid Control Value 
Input and Output 
Pressure 

0-3000 psig 

20-lOOhz 

B 

L/R 

Skid Control Value 

Signal 

0-12 voltsDC 

50-lOOhz 

A r B 

L/R 

Main Gear Wheel 

Speed 

RPM Fouiv of 

50-100hz 

A, B 

L/R 

0-180 kts 




Main Gear Strut 

Pressure 

0-3000 psiq 

50-100hz 

c 

All Gear 

Nose Gear Steer- 

ing Mode 

Discrete 

- 

c 

" 

Brake Stack 

Temperature 

0-2000 C 

lhz 

A,B 

All Brakes 

Aircraft Ground 

Speed - Inertial 

0-180 kts 

lhz 

A,B 

From INS 

Airspeed 

0-200 kts 

lhz 

A,B 

- 

Fuel Quantity 

Dependent on 

lhz 

C 

Fuel Quantity 

Brake Torque or 

Force 

A/C Type 

Dependent on 

20-50hz 

C 

Indicators 

L/R 

Altitude 

A/C Type 

0-5000 ft 

lhz 

c 

_ 
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Aircraft Velocity, 
Deceleration, Dis¬ 
tance Traveled 


B 


Asiania 
coverage 


Photographs (still, 
motion picture, on¬ 
board/on ground 

Wind Velocity and 
Direction 


Ambient Temperature 


B 

B Portable 

Weather 
Fquinment 

P- 


Correlation Signal 
Between Onboard and 

As.kania Data p 


Dotes: 1, 


Priority Code: A — Safety of Flight Required (cockojt disola” 

or T.M.) 

R - Required for Fngineerinq Anal'-sis 
C - Desirable for Fngine^rinn Analvsis 
Safety of flight renuired parameters must all h-~ on»rational 
or testing cannot be accomplished. 

Fngineerinq required parameters must be operational or a thor¬ 
ough technical evaluation cannot be completed, i\t least one 
side of the aircraft (left or right gear) should have all param¬ 
eters operational. 


For control of tests, readouts of brake temperature, velocit”, and fuel quan¬ 
tity must he available to the test conductor. 


TfST CO'JDITIODS 


Various types of testino are necessary to evaluate aircraft brakes 
and antiskid systems. Basically the tests are of two types; taxi, and 
various stoppinq tests or vet or drv runwavs. 

Control of brake temperatures and enernies must be exercised in all 
tests. Tracking test results is vital for followinn th« progress of indi¬ 
vidual tests and for identifyino trends. These are methods of Providing 
this data to the analvsis section. Because temperatures are critical to 
conducting safe tests, a plot of peak brake temperature v°rsus brake enern” 
is probably the most useful for test control. Further, it is possible to 
compare temperature/enerqy data directly to dynamometer tests. Sionificant. 
deviations from anticipated temperature trends must be resolved before pro¬ 
ceeding to critical test conditions. 

While it is possible to use total aircraft energv as the. abscissa of 
temperature control plots, it must be recoqnized that total aircraft and 
brake energy are not the same. Other contributors to total aircraft energv 
are thrust, aerodynamic drag, and tire scrubbing. These are accounted for 
in the computer proqrams in Appendix A. 

Other control plots can be obtained from average braking coefficients 
and slip ratios. Both of these types of plots should provide insiqht into 
brake and antiskid performance. It should be recognized that each brake 
and antiskid system may have specific characteristics which would dictate 
the tracking of other important or meaningful parameters. 
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DETAILED PLANNING 


Test Information Sheet (TIE) ; 

After the preliminary test planning has been identified, dorumented, 
and provided to the nroject engineer, the svstems analvsf (test engineer 
responsible, for the analysis of test data on the Prate s'/sten) should begin 
detailed test planninq. AFFTC regulations 80-12 and 80-13 should be con¬ 
sulted, The Systems Fngineering Handbook has a section on TIP preparation. 
An example TIS is included in Appendix )3. A discussion of th® TIS tonics 
follows in paragraphs which are numbered as they are addressed ii~ the TIS. 

1.0 References: The first reference to he listed is th« Air Force manage¬ 
ment document that is used to generate the aircraft or system contract. 

This document will detail the operational renuirements that v»r® intended 
to be satisfied. The next reference document will the contractor's 
system specification document. In this document, the contractor tri°s to 
quantify the operational requirements contracted for b" t.h® Air Force. 

The third reference document should be the detailed ) raki.no svsten speci¬ 
fication dccumert published hy the braking system manufacturer. There may 
be separate references for the brakes and the antiskid system. Th>- fourth 
reference document should be the aircraft flight manual showing how the 
system operates. <\ fifth document is the dynamometer t-nt r ■'< rt. All of 
the maintenance documents used at the AFFTf to maintain th.“ s-mt'S should 
also be referenced. 

2.3 "est Item l'escr iption: The description should not b® o* a 'robing 

system in general, but rather vhat ma'-gs u-> this particular Ira) inn system. 
Identify all the aircraft components t*at are cornid.-r'd to ! » a wart n f 
the braking system and t ' at will b« included i >- ti, > » ;.e®<-r j !>•- the 

antis'.id system and t’\e control modes. 

3.0 Test objectives The test objective will bo wt.it was anr«ei! urors *■” 
the ET<3 and customer, i.®., determine br.alu- s"st. : cnmat ; M 1 i f i th other 
aircraft systems. 

4.) Success Criteria: What determines i f t u ® cst.-p in ad egg.at a, meets 
specifications, or is operational 1” suitable? if an" development changes 
are made to the svsten after the testing has b®®n completed a"d if those 
changes could affect the system performance, th.-p sinnif i rant r«—t^stino 
may be renuirad. Operational suitability testing will confirm® to th*- end 
of t!:.® test program. 

5.3 Data rteouirements: What data is r®oiiir®d from the tests and 
how is data to be presented: i.®., nrogran control plots. 

r,round test data should be olitained and compared witw t'ie specifica¬ 
tions called out in the maintenance technical publications. 

f.O Test Procedures: This section will contain th® overall test plans 
for the brake/anti-skid system. Specific test techniques are described 
in t.iis section. 

7.0 Support Requirements: This section should detail all of the services 
furnished hv organisations other than th® engineer's o'=n division or 
branch. Included should b° a list of instrumentation naram®t®rs, range 
sunnort, weather support, data support, photo support, fir® department, 
weight and balance, etc. 
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DATA COLLECTION 


Collection of the brake system data is the responsibility of the test 
engineer assigned to evaluate the brake system. The test engineer must 
plan in great detail how the test points are to be obtained. After he has 
planned how to obtain the points for each mission, he should make up cards 
for this part of the testing. He should discuss the test cards with the 
project personnel to make sure that all test points are practical. A test 
support summary should be written for each test flight detailina flight 
speed and duration, photo or safety chase requirements, ranqe support re¬ 
quirements, and instrumentation support requirements. 

Instrumentation support requirements should produce a prioritized 
list of parameters which must be operating for data analysis and safety 
on each mission. The planninq should also identifv any special instrumen¬ 
tation pre- and post-flight requirements. 

TEST CONDUCT 

GENERAL 


All critical tests should be conducted on Edwards AFB Runway 04 
if the lake bed is usable. If the lake bed is not usable, and if the 
aircraft is equipped with an arresting hook, the tests may he performed 
on Runway 22. If Runway 22 is used, provisions must be made to assure 
that the arresting system is operational. A determination if the runvav 
is to be used should take into consideration lake bed condition, aircraft 
arresting hook capability, and barrier arresting svstem capability. 
Testing should be terminated whenever winds exceed previously determined, 
test limits, including gusts in any direction. 

ofter each test, cooling fans will be used to lower the whgel/tire/ 
brake temperature for the next test (probably down to about IRO'v). 
Consideration should be given to nrepositioning the coolinn fans so that 
the aircraft can be taxied into position without using personnel to 
place the fans. Fan placement near the hot tire/wheel is a hazardous 
task and should he done with extreme caution. Airborne cooling of 
brakes can be accomplished if telemetered brake temperature is available 
to the test conductor. 

After each test, ( when the temperature has lowered to a point which 
is safe) tire wear will be measured, tires examined for flat spots, 
chunkinq and separation, and the brake visuallv inspected for wheel and 
tire damage. If found acceptable, the aircraft will taxi slowl” to the 
end of Runway 04 for the next test. 

(Note: For safety, any time a hot wheel/tire has to he approached, it 

should be from the front or rear direction (not the side) due to the 
possibility of bursting because of over pressurization. This includes 
cooling fan placement.) 

COMMAND CONTROL 

overall control of the test operations will be exercised by the 
project engineer or his designated representative as the test conductor. 
The water trucks and all the fire fiqhting enuipment will be under 
direct control of the fire chief on duty or his designated representa¬ 
tive, who will respond for normal test operations to the direction of 
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the test conductor. If a tire is blown or ar.v oth-r raishan occurs, control 
of clearing the runway and/or recovering the aircraft will revert to the 
on-si t“ or or-scene commander in accordance with normal crash recover - ’ plans 
and, Procedures. 

Specifically, the runway will be closed to normal takeoff and landing 
traffic durinq testing. Th» tower will clear vehicles and personnel onto 
and o r f the runway throuqh the test conductor. /.ft°r th° aircraft has stoo¬ 
ped, and prior to t K e n a xt t-st, v-htcles and personnel will cleared onto 
and off the runway by the tst conductor. 7h c t=st conductor » ill notify 
the tower •..’hen the runway i« clear for the n- t--*-. 7hs test conductor 

v.ill maintain communication with the tow*»r at all times in order to clear 
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Tit and function ch-cl : 

If the brakes have not l '- 5 »n us=d on the aircraft previously, checks 
should be ma’= for h - ’draulic line clearance, =*-o, ’iith th" aircraft on. 
Tacks, each g«ar s'ould b~- do -- lv r a tracts’ 1 to not = clearances between 
brake and the s‘-rut, g--ar door, and eouipment is the wheel well (door must 
*-•* disconnected from actuator to check whed "'ll clearances). 


Taxi "'ests: 


A number of low ss°ed taxi t--sfs will b« don-» on the runwa -- to ensure 
integrity of the modifications, and to ensure nroper functioning of th e 
instrumentation and brake 3 -, stem. Brake t eratures must !•* roni tor 3 d 
during these t^sts to ensure that no limits are exceeded. iTrakes must ’■-> 
allowed to cool before starting ad (TTt Tonal t-- st’sT baxi t a «!tq should be 
done at low veiahts at- Ih-f0 knots with light braking buildinn un to h*aw 
: rakino. Tire taxi limits as to dl stan.ee/weiqh t mus t no t l a exceeded . 

brake Tests: 


.Since these tests may h» used for a vari“t” of t»st objectives, th“ 
procedures defined h-^re are general in. nature, But "ill folio - .’ vkat is 
ncrmal1'’ required. The methodologv ie always to us° a buildup of energy 
levels and to monitor temperatures and wear/condition of tires/brakes, 
r.er.erallv, at least five stons will be required at gradual lv increased 
Irak 0 energies for each t c st objective, i.e., drv run’eav antiskid on, dr - 
runwav antiskid off, v/«t runwa - ’ antiskid on, etc. 


in=rational Check: 


Four or five stons will b° made in the normal gross weight range on a 
drv runway. Braking should I’ moderate, such that antiskid activitv is kent 
at a minimum. Braking Should be terminated at the flight manual recommended 
speed. A buildup apnroach will be used such t s at the niqnest brake anerq - ’ 
will be on tlie last test. Maximum energ - ’ permitted would not exceed the 
normal brake energy ?one for the aircraft. 
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The order of these tests should be as follows: 


Runway Condition Acft. Cross Wt.Range 

We t Maximum Landing 

Wet Minimum Fuel Reserve 

Dry Minimum Fuel Reserve 

Wet Maximum Takeoff 

Dry .Maximum Takeoff 

The braking speeds should be controlled such that all aircraft energies 
will be essentially the same for each test point and this en°rqy level 
should not exceed the midpoint between the normal and overload brake energv 
tones. All of the braking stops during this test should h=> h<*avv braking, 
i.e., full brake pedal deflection, down to the Flight Manual recommended 
brake release speed. 

Maximum Brake Capability : 

Four to five rejected takeoffs on a drv runvav should hr performed 
to verify the brakes' capability in aiding the aircraft to ston, or abort 
a takeoff, at maximum gross weiqht. The initial brake energy should be 
slightly hiqher than the antiskid compatibility test energy and each 
successive stop should be incrementally higher until the maximum planned 
snerqv or temperature is attained. 

Wet Urake : 

The brakes should be snraved for one minute with water from a fire 
hose so that static and dynamic torque can b“ evaluated. Cycling the 
brake pedals will aid in assuring all brake disks are exnos“ri to water. 

To evaluate static torque, soak the brakes in an engine runun area with 
chocked tires. After the soak, remove the chocks, hold the brakes and 
slowly increase engine power until normal takeoff runun power is achieved 
or until the aircraft moves. For dvnamic toroue use the sam n soaking 
and chocking procedure. After the soak, remove the chocks and perform 
a taxi stop with one brake from approximately 2S knn*-5. Renea*- the soaking 
and stop for the other brake. 

Mixed Brake : 

If the particular aircraft proqram has two or more qualified ''heel 
and brake vendors, it is necessary to conduct a mixed brake test. This 
test will be a repeat of the test conditions and procedures identified for 
the antiskid compatibility tests in the paragraph describing those tests. 

It should he noted that both vendors' brakes must have completed all test¬ 
ing identified in this section prior to the mixed brake test. Durinq this 
test, every combination of using one vendor's brake on one side of the air¬ 
craft with a different vendor's brake on the other side should h» evaluated. 

RUNWAY WETTINC PROCEDURE 

It is important to observe the procedure and locale for wetting the 
runway. Standard wetting procedures are as follows: 

A. Enter active runway. 

B. Wet a 50 foot wide test section to one side of the centerline 
starting at the 11,000 foot runway remaining marker and proceed toward 


Type of Stop 

Landing 

Landing 

Landing 

RTO 

RTO 
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the approach end of Runway 04 at approximately in mph. 

C. Stop wetting at the 3f 0 foot runway r°maininn marker. Exit 
the runway. 

D. Notify the pilot and test conductor when wettino is complete. 

The wetting pass should be made with a 1.1 percent foam/water mixture. 
The second pass should use water only. With these two passes the first 
wet runway test can be performed. After each aircraft pass, the runway 
should be re-wet alternating between the foam/water mixture and water only. 
It is mandatory that the aircraft make its test run immediately after the 
water trucks exit the active runway to assure that water consistent', or 
runway slipperiness, is maintained between test points. See Figure 21 for 
the test section locale. 


CHECKLISTS 


AIRCREW CHECKLIST 

Call Sign_ 

Test Frequency_ 

1. Taxi to end of test runway. 

2. ‘Notify test conductor when ready for first wettinq pass. 

3. ‘Notify test conductor when ready for second w°ttinn pass. 

4. Turn data recorder on. Time 

5. Fuel quantity. lbs. fuel ~~ 

6. Notify test conductor when ready to start run. 

7. Antiskid as called for. (down/off} 

8. Push event switch for time correlation. (Give countdown for Askania.) 
q . Start test run. 

10. Accelerate to test velocity. 

11. Note fuel quantity and sneed. 

12. Throttle to idle. 

13. Aonly maximum (or as specified) brakinn upon anterino test section. 

14. Hold* brake nressure on until speed is below 2 q knots or aircraft exits 
wetted test section, where applicable. 

15. Helow 20 knots release brakes and turn antiskid off . 

16. Call data off, push event and turn recorder off . 

17. Monitor brake temperature. 

18. Notify test conductor of entry speed and weinht. 

19. Test conductor will notify crew’ whether or not brake energv limit has 
been exceeded. 

20. Aircraft will be taxied to point where coolinn fans are to bn applied. 

21. When brakes cool to 100 o p, crew chief will inspect tires and brakes. 

22. Tread wear measurement will be made. 

23. Test conductor will notify when to taxi for next test point. 

‘Wet Runway Only 
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TEST CONDUCTOR CHECKLIST 


Call Sign_ 

Test Frequency_ 

1. Check that all vehicles and aircraft are in the staging area. 

2. Make sure all communications and telemetry is im and oneratinq. 

3. Obtain meteorological data from base weather. 

4. Obtain initial tire, wheel, and outside brake temperatures from on¬ 
site engineer. 

5. Re-brief test conditions and check that ail sunnort personnel are ready. 

6. Notify pilot when clear to proceed with run. 

7. Notify pilot if data shows signs of a "wheel loci:". 

8. Note time at brake application. 

8. Check actual brake energy. 

10. Monitor brake temoeratures for clearances to on sit° personnel. 

11. After brake temperature is less than 210 F, clear engineer and cr=v; 
chief to visually inspect brakes and tires. 

12. if satisfactory for next test point, clear aircraft to staging area. 


FMCINEER/CREW CHIEF CHECKLIST 

1. Take tire/wheel and brake temperatures with hand h“ld pyrometer. 

2. Notify test conductor of findings and test status. 

3. Prior to run, drive to center runway. 

4. During run, monitor wheels with field glasses and notifv pilot if a 
wheel lock is spotted. 

5. Keep all personnel clear from the aircraft and take temperatures at 
clearance from test conductor. 


FIRE CHIEF CHECKLIST 

Call Sign_ 

Test Frequency_ 

1. Prior to first test run, wet the runway test section with a 1.1 percent 
foam/water mixture. 

a. Enter runway from center taxiway when cl eared onto runway by test 
conductor. 

b. Wet a $0 foot wide test section to one side of the centerline, 
starting halfway between the 5000 foot and 4000 foot runway remainina 
markers and proceed toward the approach end of Punwav 04 at approxi¬ 
mately 10 mph. 

c. Stop wetting halfwav between the 1200n foot and 13000 ^oot runwav 
remaining markers, 

d. Notify test conductor when wetting complete. 

e. Fxit runway at taxiway at approach end of Runway 04. 

f. Notify test conductor when clear of runway . 

g. Proceed to refilling point and refill trucks. Wh°n full, return 
to position on center taxiway and stand by. 

2. Re-wet runway using above procedures when directed by test conductor. 

3. Each subsequent wetting pass will be alternated between a 1.1 percent 
foam/water mixture and water only. 
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SAFFTY 


HAZARDS INVOLVED 

The tests will consist of braking tests on wet and rirv runways. Th-- 
tests are necessary to evaluate wet and dry brake s-/e tem performance, ir _ 
eluding the antiskid system. The hazards involved are oossi* le hrak tt 
failure, blown tires, loss of directional control, and hrak» fires. 

TEST PROCEDURES AND PRECAUTIONS 

1. A thorough briefing of the pilot, engineers, and t^st conductor 
will be held prior to each day's testing, 

2. In addition to normal duty crews, at least or." fire truck, and an 
ambulance will be positioned near where the aircraft is expected to ston. 

3. If possible, all runs will be made toward the lake bed, 

4. There will be a 4500 foot section of dry runway a p the exit end 
of the wetted test section to provide a good braking surface in the event 
the aircraft cannot stop in the wetted section. 

5. Although the drag chute will not normallv be used during the stoo¬ 
ping tests, one will be aboard the aircraft, if so enuinped, to be used as 
needed. 

6. Brake pressure will be released prior to comir.n to a complete stop 
(about 20 knots) to prevent brake seizure. This energy, not expended, nee^e 
to be accounted for. 

7. Brake temperatures will be monitored on board the aircraft (pref¬ 
erably in rear cocknit/copilot position). It is highly desirable to T.M. 
tiiis data so as to be available to the t«st conductor. 

8. The maximum temperature of the wheels and tires due to heat trans¬ 
fer from the brakes is estimated to occur approximately 20 to 3° minutes 
after stopping. Therefore, the time between comina to a ston and taxi to 
cool the wheels/tires with fans will not exceed in minutes. 

9. If the stooping kinetic energy exceeds the maximum allowable, limit, 
or if tires are flat spotted, the aircraft will h" taxied dir°ctlv to the 
hot gun line and parked. The area immediate!" adjacent to the aircraft 
will ba evacuated and a fire truck will stand by until the lira): ec/t ires 
have cooled. 

10. Tire tread measurements will be taken only when the tires a-e 
cool between tests. 

11. The brakes will be inspected for wear and any evidence o p brake 
component failure before each t -~st period. The brakes will h" serviced/ 
changed in accordance with the applicable Technical Order. 

12. To obtain good data, testing will be terminated whenever winds exceed 
eight knots including gusts in any direction. This limit is well below 

any wind limit for safety purposes. 

13. Aircraft wheels/tires are protected from explosive failure, due 
to extreme pressure buildup caused by high temperatures, with fuse Plugs 
which melt at certain specified temperatures. Plugs at a specified melting 
temperature will be required for the tires/wheels/brakes to be t°sted. It 
has been found that batches of nlugs vary in melting temperature f rom that 
given by the manufacturer. To ensure safety of the tests, the melting tem¬ 
perature of the batch to be used (ensure that a sufficient supply from one 
batch is on hand) must be determined by selecting in a random manner at 
least 5 plugs and by using a high temperature oven to determine their melt¬ 
ing temperature. If the melting temperature is found to b* higher than the 
maximum allowed, a new batch must be ordered and the test repeated. 

A sample Operating Hazard Analysis {?^FTC Form 2RA) and a sample 
Test Project Safety Review (AFFTC Form 28) are shovm ir. 
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Appendix C. Additional information on control plots and brak® energy is 
found in the Brake Analysis Section. 

The most important element in conducting these tests is control, v;hich 
can only occur from program tracking of brake energy and temperatures. 
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APPENDIX A 


BRAKE TESTING COMPILER PROGRAMS 


PROGRAMMERS GUIDE 

To aid the test engineer in brake test planning and data reduction, 
four short computer programs have been written in FORTRAN IV extended. 

Each program consists of a control program and one or more subroutines. 

Some of the subroutines are used by two or more of the programs. The 
four programs are THRUST, DRAG, COFS, and SPETD. 

Program THRUST : 

Program THRUST consists of a control prooram called THRUST, and a sin¬ 
gle subroutine called LINFIT. THRUST reads the ordered pairs of F and 
V Q , establishes a new set of ordered pairs of F and V J , calls subroutine 
LINFIT, and writes the result. ' 

Subroutine LINFIT comes from Reference 13, performs a linear least 
squares fit on an array of up to r >0 pairs of data points. It renuires an 
X-array of up to 50 values, a Y-array of up to 50 values, and the number 
of i>oints to be analyzed. The subroutine then transfers the slope and Y- 
intercept. A complete program listing follows. 
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PROGRAM T l-RUS T ( INPU T , OU T P UI , IAP1S = I NPU 1 , TAP t b = DU I PUT > 

0 IMENSION FTI50I 
DIMENSION VE(SO) 

TUS PROCRAM DETERM INS THE ZEkU SPEED THRUST AND THE SLOPE OE 
THE THRUST CURVE. IT USES A LINEAR LEAST SQUARES FIT . 

INPUT REQUIRED 

F T— TC TAL THRUST DIVIDED BY AMBIENT PRESSURE RATIO 
VE==ECL1VALENT AIRSPEED 

J =0 

CC 2 1=1,50 
R£AU(5*1)FT(I> , V E(I ) 

1 FORMATIF1C.2,LCX,F10.2) 

IF (EOF! S ) .NE. OIGC TO 3 
J = J ♦ 1 

VE(I>*VE l I)*VE t I ) 

2 CONTINUE 

3 CALL LI NFIT IVE,FT,J,FTU,RK ) 
vRlTEIb.A IFTO.RK 

‘i FCRMATIZtFl THRUST AT ZERO SPEED = ,FlC.P,ZbH SLOPE OF IHkUST CUR 
UVE = ,F1C.8) 

STOP 
E NC 


SUBROUTINE LlNEIT(X,Y,NPTS,A,B) 

----THIS SUBROUTINE FINDS THt LEAST SQUARES STRAIGHT LINE FIT FUR 
--UP TO SO PAIRS CF DATA POINTS. 

— (ASSUMING EQUATIUN Y=A*BX) 

REQUIRED INPUT 

X = = AR R A Y OF X VALUES <1 DIMENSIONAL, SO SPACES) 

Y»= AR R A Y OF Y VALUES {1 DIMENSIONAL, SO VALUES) 

N PTS*-NUMBE R Of DATA POINTS 
OUTPUT TRANSFEKtD 
A - = Y INTERCEPT 
B==SLOPE 
REFERENCE : 

HEVINGTCN,PHILIP R..UATA REDUCTION AND ERROR ANALYSIS F LR THE 
PHYSICAL SCI ENCES,MCCRAR-HILL BUCK CLMPANY,NE* YORK, 1SEV. 

CIMENSKN X(SO) 

DIMENSION Y(SO) 

SUMX=0.0 

S UMY = 0.0 

S UM XX = 0 . C 

SLMXY=O.C 

DC 1 INDX * 1,NP T S 

SUMX=SUM>*X(INDX) 

SUMY=SUMY«Y(INOX) 

SUMXX = SUMXX*(X(INDX)A X I INDX)) 

SUMXY=SUM>Y+(X(INOX)*YlINOX)) 

1 CONTINUE 

SCSMX=SUMX*SUMX 

CELTA=NPTS*SUMXX-SQSHX 

A»( l.O/OELTA)*!SUMXX*SUMY-SUMX*SUMXY) 

B■( 1.0/DE IT A)* INPTSASUMXY-SUMX*SUMY) 

RETURN 

END 
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Program DRAG : 


Program DRAG has been written to compute the drag coefficient and the 
rolling friction coefficient from coast down data. The program consists of 
the main program called DRAG, and two subroutines called DIST and FINDC. 

Program DRAG reads the data and performs the top level of a two level 
iteration process, by iterating the drag coefficient to obtain an accent- 
able rolling friction coefficient. The result i3 the simultaneous solution 
of two equations in two unknowns. 

Subroutine FINDC performs the second level iteration required by uro¬ 
gram DRAG. It iterates the coefficient of friction (either rolling or 
braking) to obtain an acceptable stopping distance. 

Subroutine DIST calculates the stopping distance given a rolling fric¬ 
tion or braking friction coefficient and a drag coefficient. Subroutine 
DIST directly solves the equation for stopping distance. 

A complete program listing follows. 
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PROCRAM CRAGC I NPUT,OUTPUT • TAPES-INPUT, TAPEb-QUJPUM 
COMMON / F ILLS/ S, WT ,SI CHA, F TU , RK » C 0»CL, VC1 , VGF ,DS 
C I MENS IQ N ORG(3) 

THIS PRCGRAH COMPUTES THE DRAG COEFFICIENT ICC) AND THE ROLLING 

FRICTION COEFFICIENT GIVEN COAST DOWN DATA OVER TWO SPEED RANGES. 

IT USES AN 1TTERATIV6 PROCESS. 

REQUIRED DATA 
GENERAL 

MING AREA 
AIRCRAFT WEIGHT 
AMBIENT DENSITY RATIO 
THRUST AT lERO SPEED 
SLOPE OF THRUST CURVE 
COEFFICIENT OF LIFT 
FIRST SPEED RANGE 
INITIAL SPEED 
FINAL SPEED 
DISTANCE TRAVELED 
SECOND SPEED RANGE 
INITIAL SPEED 
FINAL SPEEO 
DISTANCE TRAVELED 


READ (5,20 DATAtVAKE 
FORMAT ( A 10 »l0 X ,F20 ■ 2 ) 

RRITE(6,2 DDATA »VARE 
21 FORMAT!ICX,A10>10X,F20.5> 

IF I0ATA.EQ.10HMING AREA ) S-VARE 
IF (0ATA.EQ.10HUEIGHT I WT-VARE. 

IF (DATA.EQ.10H0ENSITY RAJ SIGMA-VARE 

IF CDATA.CQ.IOHTHRUST 1 FTO-VARE 

IF (DATA.EU.IOHSLOPE OF Tl RK-V ARE 

IF IDATA.EC.10HLIFT COEFF) CL*VARE 

IF (DATA.EU.10HSP1-1 I VG11-VARE 

IF (DATA.EQ.10HSPI-2 ) VGIF“VARE 

IF (DATA.EQ.IOHSPF-I I VGFI *VARE 

IF (DATA.EC.10HSPF-Z I VCFF-VARE 

IF (OATA.EO.lOFOISTANCt II XA-VARE 

IF (DATA.EQ.10HDISTANCE 21 XB-VARE 

IF tEOFfSJ.EQ.C.CI GO TO 10 

DRGI1)*0.150 

CRG(2 J*0•1A0 

ORGC 31*0.130 

DELTA-0.C 10 

Z-C.O 

Y-l .0 

CIFF-1.0 

VG1-VCII 

VGF * VGF I 

CS-XA 

CD*ORG(1 I 

CALL FINCC (COEFF,SA) 

VGI-VGIF 

Z-ZU.O 

VGF-VGFF 

IF (Z.GT.SOI GO TO SO 

OS-XB 

C 0-DKG(1 ) 

CALL FINCC (COEFfStM 
OIF-ABSiCCEF-CDF.FF) 

IF (OIF.IE..000051 GO TO SO 
IF (DIFF .IT.DIF I GO TU AO 
CIFF-OIF 
ORG(3J-DRCC2) 

DRGC2J-DRC(l) 

DRG(1)-DRC(1)♦OFL TA 

COEFF-COEE 

GC TO 30 

Y-V^O.S 

DEL TA-(( l./2.**YJ*(0RG(?)~DRG(l I » ) 

OIFF-OIF 
ORC(3) -DR G(21 
DKG(2 J-DRC(1) 

ORGI 1I-DRG( 1M0ELTA 

COEFF-COEF 

GO TO 30 

AVGE-CCUEF^COEFF 1/2.0 
WRITE (6,60) CD , AVGE 

FORMAT (2CH1DRAG COEFFICIENT - ,F7.3»/32H ROLLING FRICT1GN CUEFF1C 
11 ENT - * F 7 - * I 
WRITE (6,70) Z 

FORMAT ( 1 X »f 3 • 0 * 2 7H ITERATIONS WERE REQUIRED ) 
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SUBROUT1NE 01ST (C0£FF,SS) 

COMMON /FILES/ S,WT»SIGMA,FTOtKK,CD,CL,VCItVGfiDS 


-IHS SUBROUT INF CALCULATES THE STOPPING DISTANCE GIVEN A 

-BRAKING COEFFICIENT ANO OTHER DATA (TRANSFEREO IN THE COMMON 

-STATEMENT I. 

RECUIRED INPUT 

C0EFF--8RAKINC COEFFICIENT 
OCTPUT TRANSFEREO 

SS--S TQPP ING DISTANCE 

SS-O. 

IF (COEFE.GT.1.01 RETURN 

B»(SIGMA*S/841.4)*(COEFF*CL-CD)»RK 

A«FT0-C0EFF*wT 

C *ALOG((1.0+1B/AI*VG1*VGI)/(1.0*{B/AI *VGF*VGF ») 

SS=!(-l.C*wT)/(64.346*b)>*C 
IF (SS.LT.O.OJ SS-O.l 
RETURN 
END 


SUBROUTINE FINOC (C0EF.2J 

COMMON /FILES/ S,NT.SIGMA,FTO,RK ,C0»CL , VG1.VGF ,0S 
C 

C THIS SUBROUTINE CALCULATES THE BRAKING COEFFICIENT FROM THE 

C DATA RECIEVED IN THE COMMON STATEMENT. IT USES AN ITTERATIVE 

C PROCESS. 

C DATA TRANSFEREO 

C COE F •» COEFFICIENT OF FRICTICN 

C 1 -- NUMBER OF ITTERAT10NS 

C 

Z-0.0 

Y-1.0 

C0EFF-0.25 

CGEF*0.25 

C0FF-O.2S 

DELTA —0.C4 

CALL UIST (COEFF.SA) 

0 SA*ABS(C S-SA I 
IF (OSA.LT.l.O) GO TO 20 
10 CQEF-C0EFF*D6LTA 

CALL 01S T (COEF.SB) 

1 - 2 * 1 . 

CSB«ABS(CS-SBI 

IF (0S8.LT.1.01 GO TU 20 

DDS-OSA-CSB 

IF (QOS.IT.0.01 OELTA — l«0*QELTA 
TEST»(OS-SA)*(DS-SB) 

IF (TEST.LT.0.01 GO TO 30 
SA-S8 
DSA-OSB 
COF F-CQE F F 
COEFF-COEF 
GO TO 10 
20 RETURN 

30 Y-Y*0.5 

CELTA-(( 1.0/2.0**YI*(COFF-COEFF> > 

SA-S8 

DSA-OSB 

COFF-COEFF 

COEFF-COEF 

GO TO 10 

END 
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Program COFS 


Program COFS calculates the braking coefficient and braking enerqy 
from brake test data and ambient air data. It uses subroutines FPJDC and 
DIST to perform the required iteration. (See the discussion of program 
DRAG for more on FINDC and DIST.) Program COFS reads the data, ca))s the 
necessary subroutines and writes the results. 

After the braking coefficient has oeen determined by FIMDC, then uro¬ 
gram cops calls subroutine ENERG. ENERG determines the braking energy. 

A complete program listing follows. 




PROGkAK (.OF S(INPUTtUUfPUT•IAPtS=INPUT »TAPfc6=UUIPUI I 
COPHLN / FiLFS / S. *J . i 1 ofA ,* lu *RK ,CU tCL » VG1 , VC I- .OS .FNLK 


-THIS PRlGRAM CALCULATES THi BRAKING CCkFFICIfcNT FROM Thl OATA 

-RtAC lilLOW. 

Kt UUlKfcu DATA 
*lNO AREA 
A IkCk af I Kt UnT 
AMri 11 NT L> t N S 1 f Y RATIO 
THKUS1 A T ^tkJ SPU.U 
SLOP i CF IrlKUSl CGkVc 
likAG CObM-ICILM 
L IF f CUfcT F ICU N T 
INITIAL sPtcO 
FINAL SPtLD 
01S T A ,NC t TRAVELED 


£ N£ R-0.0 

DC l IUUfl*1*10 

----DAT A CARDS ARE RE AO 

R t AG(S * l ) OAT A , VAR I 
I F UR PA T ( A 1 C * 10X.F?0.<'1 

IMUATA.fcC.IOH* ].\G AkU )S*VAkI 
If (OATA. £C. iOHitEiGMT JaT^VAkI 

IF C OATA.FC.IOHOFNSI TY kA)S1GRA=VAR1 
IF(DATA.EC.10HTMKUST )FTU=VAR1 

1 F ( OATA . fcC. lOHSLUPt OF T>KK»VAkI 
IF(DATA.tC.10H0RAG CUtFT )CO-VAR l 
IF (OATA . f C. lOrtL IFT CliL F F )CL - V AK I 
IF(DATA.F C «10MINITIAL SP)VGl=VAKi 
IMOATA . tC. 10HF INAL bPttl VGF*VAM 
IF (OATA. i C. 10HG I STANCi > 0 S =* V Ak I 

l CONTINUE 
uRITL(6,2) 

i FCkPATI "1 INPUT J A T A”) 

«RIU (i>»A IS>*T .SICWA.F Tvi,RK f O> .U- » VG1 , VCF ,DS 
4 FLRPAT<<tF S- *F6.0*SH *T= *FlO.<£*tfFi SlCPA* ,FS.<*,SH F T U = » F 6 . I . <t M 
1 K = . F 10 • P » S H C J * ,t4.i 9 SH CL= f F4.3*6H VGI= VG^= »Ff>.I»l!h UlbTAN 

St* UISTANU = ,F i . 1 ) 

SCfiRtJO T INI b A R 1 LALLj O 


CALL FlMCItlitP »Z ) 

CALL bNtFCICULf•*G) 

CALI 01 S I CCUl F . SB ) 
l =1 C/IOOICCg. 

* R l T E (oiS) CUFF.L.Sd.Z 

i FCRPATCH KEbULTS ARl"*/," BRAKING COLFF ICILNT 
HMkCT - "tJo.lt" LI X Uu STUFFING OlSIANCr * 
<»F ITTl RAT 1CN> KLCUl * t u = ".11.01 


M .F /~6 9 " BKAK ING 
'. F 10 .Z * " NUMBER OF 


bChkuUI1M » M. KG { CUEE » ,t > 

CGPPUN / TlLvS / % * ** T 9 s1gPA*E I G . K K .Ci)»CL*VUl • V G F . U > 

--THIS bU'KCUUNt LAlCULATeS THl TOTAL BRAKING F ,4fc K GY GIVEN A 
BRAKING LLWMclEM ASu OTHER OATA I1RANSFLRE0 In ? HF CUPPUN 
S T A T F m N 1 ) . 

K [ Cl, 1 k i 0 I NPU I 

L 01 F 1 - - MR AK 1 M. OufFFlCiFM 
i)L TPUT TRAN>FLRE J 

1 = = BRAKING l N t KGY 

B*(SlGPA*S/rt*l.*mCUtEF*CL-CUI fRK 
A -f TU-CulFF 

C s ALlIGi I i .0*(B/Al*VGl«^ol )/( 1 .U»|b/A)*VGF*V<>F )} 

C = (SIGKA♦^/HAl.A)*tL 
J-< taT♦< G/<H/A) I >*C 

E *( (C0lFF*nT)/Ig 4 ».34B*bI )*IG*(<VCl+VGl )-(VGF#VCF» 1-01 
Rf TURN 







SUBROUTINE FINOCICOEF,Z1 

COMMON / FILES / S,NT.SICMA,FTO,RK,CD,CL,VGl,VGF,OS 


THIS SUBROUTINE CALCULATES THE BRAKING COEFFICIENT FROM THE 
OATA RECIEVED IN THE COMMON STATEMENT. IT USES AN ITTERATIVE 
PROCESS. 

OATA TRANSFEREO 

COEF == COEFFICIENT OF FRICTICN 
l == NUMBER OF ITTERATIGNS 


7-C.O 

v-i.o 

COE FF =0.i5 

CCEF-0.25 

C0FF=0.2S 

DELTA=-0.04 

CALL 01 ST(COEFF ,SAI 

D SA*ABS(C S-SA I 

IFIDSA.LT.l.OIGO TO ■> 

7 COEF=CUEFF+DELTA 
CALL 01 ST(COEF,SBJ 
Z *Z ■* 1 • 

CSB-ABS(CS-SBI 
IFIOSB.LT.l.OIGO TO i> 

CCS=OSA-CSB 

IFIODS.LT.0.0)DELTA*-1.0*DELTA 
TEST=(OS-SA)*(OS-Sbl 
IFITEST.LT.O.OIGO TO 11 
S A = S B 
D S A = OSB 
C OF F = COE F F 
COEFF=COE F 
GC TO 7 
11 Y=Y«0.5 

C EL T A = ((1.0/Z.O**Y1* (COFF-CQEFF I I 
S A = S 8 
0 SA -0S8 
CCFF = COE F F 
COEFF=COE F 
GC TO 7 
5 RETURN 
ENC 


SUBROUTINE 01 ST<COEFF.3S I 

COMMON / FILES / S,WT,SIGMA,FTO,RK , CD,CL « VGI,VGF.0S 

--THIS SUBROUTINE CALCULATES THE STOPPING DISTANCE GIVEN A 
BRAKING COEFFICIENT AND OTHER DATA ITKANSFERED IN THE COMMON 
STATEMENT I. 

RECUIREO INPUT 

COEFF =*8RAKING COEFFICIENT 
OUTPUT TRANSFERED 

S S= = S TOPPING DISTANCE 

SS*C. 

IF(COEFF.CT.1.0) RETURN 

B-ISIGMA*S/8A1.A I*(COEFF*CL-CDI*RK 

A *F TO-COE FF *HT 

C-ALOGI < 1 .OMB/A)*VOI*VGI I / ( l. 0 ♦ ( B / AI * V GF *V GF I I 

SS*I(-i.C*WT)/(6A.348*8l)*C 

IFISS.LT.C.O)SS=0.l 

RETURN 

ENO 
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Program SPEED : 


Program SPEED is desiqned to aid the engineer in determining .in ini¬ 
tial speed for a braking test to yield a desired braking energy. 

Program SPEED consists of a control program called SPEED, and t!ire<> 
subroutines called VEL, DIST, and ENERG. Program SPETD reads the data, 
calls the needed subroutines, and writes some of the results. 

Subroutine VEL calculates the initial sneed n^d^d to ”i=>ld th<= desir- 
braking energy '>'» using an iterative process. (For more information on 
subroutine ENERG, see the discussion of program cOFS.) 

A complete program listing follows. 




PROGRAM S PE t D( INPUT »UU TP U T * TAPES- INPUT t IAPt6*ULTPUT ) 
COMMON / FILES / S.WT,SlGHA .»I 0 . kK , CD,CL,VG1,VGE,0S,ENER 


-THIS PROGRAM RF AOS THt UATA ANl) CALLS THL SUBROUTINES I UR 

—FOR CALCLLATING IHF INITIAL SPEED NELCLO FOR A OtSIRhJ BRAKE 

—ENERGY. 

RFUUIREO OATA 
MING AREA 
AIRCRAFT WEIGHT 
AMBIENT OENSITY RATIO 
THRUST AT ZERO SPELU 
SLOPE Of THRUST CURVF 
ORAC COEFFICIENT 
LIFT COEFFICIENT 
BRAKING FRICTION COEFFICIENT 
DESIRED BRAKING ENERGY 

CO 2 IOUM»l,U 
R E AO(S » 1 ) DATA, VARE 

1 FORMAT!A1C,10X,FZ0. 2) 

MR ITF lb ,* )OATA,VARE 

5 FORMAT! 1> ,A10,2X,FZO .2 I 

IFIDATA.EC.lOHwING AREA IS=VARE 
IF10ATA.EC. IOHWE IGHT IWT-VARE 

IF (DATA. EC. 10H0F.NS1 TY RA)SIGMA = VAKE 
IF(OATA.EC.IOHTHRUST )FTO=VARE 

IF(0ATA.£C.10HSL0PE of tirk^vare 
IF(DATA.EC.IOHGRAG COFFFIC0=VARE 
IF(DATA.EC.10HLIET CUEFF)CL=VAKE 
IFIOATA.EC.IOHHRAKINC CU)COEF=YARE 

IF(0ATA.EC.10HENERUY IENER=VARE 

2 CONTINUE 
WRITE(b,3I 

i FORMAT!1F 1) 

CALL VEL(CUEF» 

CALL D1ST(COEF,SSI 
»R I T£ < 6, A ISS 

A FORMATI/ilH STOPPING DISTANCE = ,F10.Z) 

S TCP 
END 


SUBROUTINE 0 IST(COEFF,SS ) 

COMMON / FILFS / S » ta T ♦ S I C M A , F T U , KK , CD , C L , VG I , V C F , 0 S 

-THIS SIBROUTINt CALCULATES THF STOPPING DISTANCE GIVLN A 

—BRAKING COEFFICIENT ANU OTHER OATA (TRANSEtRED IN THt COMMON 
— STATEMENT J . 

R t CO IKE 0 INPUT 

COEFF*=BRAKING CUEFFICIE NT 
OUTPUT TRANSFERlU 

SS==STOPPING DISTANCE 

SS = 0. 

IF(COEFF .GT . 1.0 ) RETURN 

B-IS1GMA*S/8A1.A1*(C0EFF*CL-C0)»RK 

A»FTO-CO£FF*hT 

OALOGI ( l.OM B/AI*VGI*VGI >/( 1.0«(B/A)*VGF*VGF) ) 

S5*((-I.C*NT>/(6A.3A8*B» »*C 

IFISS.LT .C.O)SS = 0.1 

RETURN 

END 
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SCPPclIT 1 Ni VL L ( c u*-1 ) 

tCPPCN / flits / >,.loi<i’'AiHl.|KA,ll<.U,Vbl >J..lNi l> 


-IMS ul:K OC IlSt CALCuLAltj AN IN1IIAL SPLru FUk A JlVInU 

--PPAKINC IMldiT. II ub. > AN IIUkAIIYI pMJCIbb. 

► hJURl 'I INPUT 

U.tI==L P A It l N G C C L t L I C 11 N 1 Li f ft i I, I 1I. 

ALL I.LlPuf 1 k A N b F I k I u IN IH CIPPU.N blATlPlNI 


VC J -P00» 

V Ci - C . U 

I F It NF K . l L . 0.0 I p t TUK.N 
l = C . 0 

Y * I . 0 

ycl=yci- ;c. 

i c 11 - v o I 
i;t ii a - io. 

CALL FMHUotf .tU) 

CFA-AObtlNLK—LGl) 

It (OtA.L I ,loco.ICO TO f 
i yci«vci i ten i a 
/-/♦ 1.0 

ifu.Iw.hiu; tc / 

CALL cot P L l cut i , t Ci 1 I 
CtH-Attbl t M P-t 0 1 1 ) 

IF ( Cttl.L I . X0CO . I CO In 

an = i>t A-i:tH 

IF lUiJi-.L I .1: .0 I Ci Lit- - l ,i)*ut LlA 
IF. ST = (t HE k-I Cl )» (r Nr «-i „ III 
IFlltbl.il.0.0) Co It, 'i 
t G I = t G 1 I 
CFA-Lt i 

Y C C - VG I I 
VC)I-VC1 
c c t u l 

/ tM C = t c l I / lOG.IcCc. 
wkllr to, j H N< O.VCl ./ 

) FCK'An 'iFC lit )Mt ;j i.<ikCF - , it. 1," it A J-. lMIIAl >Pii 

1 - VJ y It •: it- i I It PAlicNS ki wl»u M ,il.u) 

PF I CP N 
A Y = Y *0.1 

lie L I A ( I I / <• . GA -» I A l • 1, 1 I ) 

F C I = re I 1 

Ct A»U : 

v g i. = v11 

V C I I = V L i 

CL 10 1 
t NO 


SCKPCU I 1 M t Nt p L l t;t,I t I ,. ) 

Ci: m PU* / i J L i > / b»wt . > I GPA ,t I C . K< .ull, CL .VCi . VCF «.)S 

— 1 H l b bCFYLiuI.NL CALCOlAII'. 1 ii l IClAL CKANlNC t Ot P C Y ClYtf. A 
tiPAKIM, CLlFFIC.tSl LU lIhLK GAIA (IPANbFFPil) IN I«( CUPPoN 
S 1 A I i y i ,N| | . 

PI LC I PI 0 1NPIJ I 

C Cr F t ~ = '!r A k l.... .Li I i ili t M 
01 IPUI MANbi I Pi ) 

t - -- OK AM NC I ,1 ill 


P*lS10.' , A<S/nAl.A)*lCl.iilACL-L0i»kK 
A-FTU-C.lt Fi *«l 

C-ALDGl ( 1 .0*(B/A)»VCIPVu1 I/I l.u*(M/AI»YCf«VCf I ) 

G» » SI GPU* S /PA 1 .A I ACL 
C»<«T*( Z/ (f:/a I ) ) a e 

fc-1 (CUt If *»1 1/ltiA. (Ab*!!) I A let l i VC 1 « vt, | ) - ( V..i *VLi | 1-1,1 
PHUPN 









AFFTC TEST INFORMATION SH£ET (TIS) 

( TEST PROGRAM) 

DATE 

PAGE ] PAGES 

Ti Tut of TEST 

F-15 GOOCYEAR GENERATION 5 CARBON BRAKE EVAL 

vehicle rvpe 

F-15 

TfS NUM4E* t 

13 

EFFECTIVITV 

TBD 

REVISION | 

E ’ 

Tit TYPE 

| l 3 PLAN PMOCeOURAU 

LOCATION OF TEST (TESTING ACTIVITY 

Edwards AF8 CA \ AFFTC 

H*IBhcxSus/UHU!U*L vnr- 

1 



1.0 B ACKGROUN D The Air Force has a critical spares shortage for F-15A/B brakes 
(Generation 41 due to the unavailability of the carbon fiber to the vendor. The new 
[Generation 5 brake has no materials availability problems. In addition, the Generation 
[5 brakes have lower manufacturing costs and improved durability as shown throuqh 
(dynamometer verification tests. ASD/AEAA and ASD/YFA (TEST) have requested in 
jinmediate compatibility test to qualify the Generation 5 brakes on F-15A/R aircraft. 


.’2.0 TEST OBJECTIVE: To verify compatibility between the F-IS anti-skid s. tem and j 
.Goodvear Gener>t i or _ 5 carbon brai»s Demonstrate mat the stn inq lis’anc; of the : 

Gene> dt'on 5 b> ake is compatible with toe f -1S A/l Might manua . Vtrify th the hot | 

and cold static torque is sufficient for enqine runup. Verify compatibility of mixed j 
sets of Goodyear Fourth and ifth Generation brakes with tne F-15 anti-skid system, j 
normal broking system and emeroency braking system. 1 

l ' j 

3.0 GE* \l INFORMATION: AFFTC and Geodyear engineers will be in attendance for pre- 
'fliaht o7ic postfl lqht inspections of the brakes. Wear data will be taken after each 
flfoht. .ould any hydraulic or structural problem become apparent during insoection, 
a fix wi■ be made or the brakes will be removed and the project ended. All standard 
prefix postfl ight procedures will be followed. During tests, all necessary Tire i 
f equi tent will be present along with an engineer in a radio vehicle. The Test j 

'Conductor or the project pilot will have the authority to suspend further testina at 
(any time rv ' b*akes will have thermocouples so that stack temperatures can oe moni¬ 
tored dur oy tacr test. 

BRAKE TEST MEASURANDS i 


SEQUENCE 
1 NUHEER 

j SME3* 
SM14* 


PARAMETER NAME 
Brake Stack Temp, Left 
Brake Stack Temp, Right 


SAMPLE R ATE (3?S) 
10 
10 


MA07* 

MA08* 

si-ni* 

SM12* 

SM17* 

Wheel Speed, Left 

Wheel Speed, Right 

Brake Pressure, Left 

Brake Pressure, Right 

Anti-Skid Control Valve Signal 

60 

60 

60 

60 

60 

ACTION 

OFFICE OR POSITION/PHONE 

SIGNATURE 

DATE 

PREPARE 




review 




RE VF* 




RE /■ F W 




APPROVE 





1 251b -'i ei.xrts vi: fo»» o-ij» juh 7j which will be used 


AFFTC 




AFFTC TEST INFORMATION SHEET (TIS) 

{ TEST PROGRAM) 

OATE 

woe 2 ar 6 P * 0ES 

Title or TEST 

VEHICLE TYPE 

TIS NUMBER 

F-15 GOODYEAR GENERATION 5 CARBON BRAKE EVAL 

F-15 

13 

ErrCCTlVlTY 

REVISION 


TBD 

E 


TIS TYPE 

plan ^procedural 

LOCA TION OP TEST 

Edwards AFB CA 

TESTING ACTIVITY 

AFFTC 

HAZARDOUS 'UNUSUAL TEST 

SM15 

Pilot Metered 

Pressure, Left 

10 

SMI 6 

Pilot Metered 

Pressure, Right 

10 

CF04 

Brake' Pedal Pressure, Left 

10 

CF05 

Brake Pedal Pressure, Right 

10 

AA04 

Nx 


10 

AA05 

Ny 


10 

AA01 

Airspeed 


10 

ENOS 

INS E-U Veloci(y 

10 

EN06 

INS N-S Velocity 

10 

EN40 

INS Groundspeed 

10 

EN07 

INS Heading 


10 

PF09 

Internal Fuel 

Quantity 

10 


♦These are no-qo parameters which must be operational and telemetered to the real 
time control room. 


Winds wPl be below !0 knots for the tests in paragraphs 4.2 and 4.5. 

4.0 BR AKE SUBSYSTEM TEST S: 

4.1 OBJECTIVE: To conduct an operational checkout of the Generation 5 brake 
through a buiIdup technique to energy levels that will be required during anti-skid 
compatibility testing. 

4.1.1 T est Cond itions: These tests will be conducted on a dry surface. 

A table will be given to the pilot providing different initiation speeds at different 
gross weights for desired energy levels. Aircraft will be configured for these tests 
with flaps down and speed brake out. 


OPERATIONAL CHECKOUT TEST CONDITIONS 


Test 

Point 

Anti- 

Skid 

Gross 

Weight 
(pounds) 

Stop 

Initiation 
Speed (knots) 

Runway 
Condition 

Total 

Aircraft Energy 
(ft-lbs X 10 ) 

Brake 

Pedal Force 

I 

NORM 

35,000 

60 

DRY 

5.6 

MEDIUM 

2 

OFF 

35,000 

60 

DRY 

5.6 

AS REQUIRED 

3 

EMER 

35,000 

60 

DRY 

5.6 

AS REQUIRED 

4 

NORM 

35,000 

96 

DRY 

14.4 

LIGHT 

5 

NORM 

35,000 

108 

DRY 

18.0 

LIGHT-MEDIUM 

6 

NORM 

35.000 

116 

DRY 

21.0 

MEDIUM-HEAVY 

; 

NORM 

’5, 100 

124 

DRY 

?.• q 

HEAVY 
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AFFTC TEST INFORMATION SHEET (TIS) 

( TtST PKOC.RAM) 


title or rci r 


F-15 G000YEAR GENERATION 5 CARBON BRAKE EVAL 



Tl» rvr f 

f T BLAN _Xj PROCEDURAL 


LOCATION or EST 

Edwards AFB CA 


TESTING ACTIVITV 

AFFTC 


Ihazaroqus/unusual test 


4.1.2 Test Procedures: These brake tests will be accomplished prior to the 
testing of para 4.2. During taxi out to the main runway the pilot will perform 
brake applications as required. Brake parameters will be monitored by the Test Con¬ 
ductor in the telemetry room. TheTest Conductor will be in radio contact with the 
pilot. The pilot will initiate braking based on INS ground speed. At the conclusion 
of each test point, the brake stacks will be cooled to a temperature of 100 degrees C 
or less before the next test point. This will be accomd ished either with cooling 
fans or uy using a sfop-and-no torhniquo with the qe-'> down during the n u a' -und. If 
tne sto; and g te 1 tnique i used, tne pilot will aeiu. rakt to i ne ini; ati speed. 


4 1 1 Support Requirements: A P-2 fire t 
uire>. tra:,n recovery support will he required fo 


A P-2 fire truck with a two-man cp 
he required fot the .ooliug fans 


4.1.4 Data: Telemetry data, inspection data, and pilot comments will be 
used for evaluation of the brake. 

4.2 O BJECTIVE: To verify compatibility between the F-15 anti-skid system and 
Goodyear Generation 5 disc brake and to demonstrate that the stopping distance of the 
Generation 5 brake agrees with the flight manual. 

4.2.1 Test Conditi ons: Tests will be conducted on both dry and wet 
surfaces Aircraft configuration for these tests will be flaps down, speed brake out 
and three ballast tanks. 

TAXI/ANTI SKID TEST CONDITIONS 


Gross 

Weight 

(pounds) 

Stop 

Initiation 
Speed (knots) 

Runway 

Condition 

Total Aircra 
Energy 
(ft-lbs X 10 

35,000 

130 

Dry 

26.2 

53,000 

107 

Dry 

27.1 

53,000 

130 

Dry 

39.4 

35,000 

136 

Wet 

28.6 

44,000 

117 

Wet 

26.7 

53,300 

103 

Wet 

25.1 


Note: Brakes Dynamometer qualified to 24.6 X 10 foot-pounds each. Hiqher weights 
achieved using ballast tanks filled with water 

4.2.2 Test Proc edur es: During tax; out, brake temeratures will be 
monitored in the telemetry room by the Test Conductor. The brakes will be cooled to 
100 degrees C oefore each test point. The pilot and the T est Conductor will insure 
that the anti-skid is in normal position. Heavy braking will be used for each test 
point to obtain adequate anti-skid cyclinq. The Test Conductor will monitor the 
telemetry and be in radio contact with the test pilot to prevent hot or locked brakes. 
The pilot will initiate braking based on IMS ground speed. A fire truck will be in 
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f AFFTC TEST INFORMATION SHEET (TIS) 

| < TEST PROCRAM) 

OATE 

PA GC 4 Of gPAGEJ 

1 TITLE OF TEST 



VEHICLE TYPE 

F-15 

TIS NUMBER 

13 

JF-15 GOODYEAR GENERATION 5 CARBON BRAKE EVAL 


EFFECTIVITY 

TBD 

REVISION 

E 

Tlf TYPE 

□ plan JXi procedural 

location of test 

Fdwards AFB CA 

TE5TINC ACTIVITY 

AFFTC 

HAZARDOUS/UNUSUAL TEST 


[attendance throughout the period of testing. Cooling fans will be used to cool the 
brakes. The brakes and tires will be inspected after each test point. At the 
completion of these tests, the brakes will be removed from the aircraft for a tear- 
down inspection. 

4.2.3 Support Pegu i cements : Same as -4 1.3 Demineralized water will be 
required 'o fill the external ha 1 last tanks. 

4.2 4 Data: The data specified in 4.1.4 is required. A brake inflection 
will be performed and wear data taken at the conclusion of this testing. Dual-station 
phototheodolite data is required dur-ng each run. 

4.3 OB JECT IVE: Verify that the hot and cold static torque is sufficient for 
engine runup. 

4.3.1 Test Conditions: The tests will be conducted on a dry surface with 
both engines operating. Engines will be advanced to produce thrust equivalent to that 
predicted for BOS RDM at Sea Level with a -40 degree F ambient temperature. Brake 
temperatures between ambient and 1000 degree F will be used with at least one test 

at 1000 deqree F. Tests will also be conducted with one engine at first stage after¬ 
burner. 

4.3.2 Test Proc edures• These points will usually be points of opportunity 
during the braking tests, for each point, the pilot will advance the throttles to 
obtain computed RPM/FTIT based on temperature and pressure altitude while holding the 
aircraft with the brakes. If the brakes hold, the pilot will slowly release pedal 
pressure until the aircraft just begins to move and then increase the pedal force. If 
the brakes do not hold, the pilot will reduce the throttle settings to IDLE, apply 
pressure to the brakes (to get maximum brake pressure) and advance throttles until the 
aircraft just begins to move. The pilot will record RPM and FTIT at this point. 

4.3.3 S upport Requirements : Same as 4.1.3. 

4.3.4 Data: Telemetry data, pilot comments, and pilot recorded FTIT and 
engine RPM are required. 

4.4. OBJECTIVE: To conduct an operational checkout of a mixed set of Goodyear 
Generation 4 and Generation 5 carbon brakes through a buildup technique to energy 
levels that will be required durinq anti-skid compatibility testing. 

4.4.1 Test Conditions: These tests will be conducted on a dry surface. A 
table will be qivon to the pilot providing different initiation speeds at different 
gross weights for desired energy levels. The Generation 5 brake can be mounted on 
either side of the aircraft. The same test conditions as in section 4.1.1 will be 

used 

4.4.2 Test Procedures: Same as 4.1.2 except these are prerequisites for 

4.5. 
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4.4.3 Support Requirements : Same as 4.1.3. 


4.4.4 Oata : Same as 4.J.4. 

4.5 OBJECTIVE: To verify compatibility between the F-15 anti-skid system and 

a mixed set of Generation 4 and 5 brakes and to demonstrate that the stopping distance 
of the mixed set of brakes agrees with the flight manual. 

4.5.1 Test Conditions : Same as 4.2.1. 

4.5.2 Test Proce dures: Same as 4.2.2- 

4.5.3 Suppor t Requirements : Same as 4.2.3. 

4.5.4 Data: Same as 4.2.4. 

4.6 OBJECT IVE: To verify that the hoL and cold static torque of a mixed set of 
Goodyear Generation 4 and 5 carbon brakes is sufficient for engine runup. 

4.6.1 Test Condition s Same as 4.3.1. 

4.6.2 Tej^_Pjoc_edjj_re_s: These points will usually be points of opportunity 
during the braking tests. For each point, the pilot will advance the throttles to 
obtain computed RPM/FTIT based on temperature and pressure altitude while holding the 
aircraft with the brakes. If the brakes hold, the pilot will slowly and evenly 
release pedal pressure until either brake begins to slip and then increase pedal 
force. If eHher brake does not hold, the pilot will reduce the throttle settings 

to IDLE, apply pressure to the brakes to get maximum brake pressure and advance 
throttles until the aircraft just begins to move. The pilot will record RPM and FTIT 
at this point. 

4.6.3 Support Requirements : Same as 4.1.3. 

4.6.4 Data: Same as 4.3.4. 
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HAZARDOUS'UNUSUAL TEST 
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APPENDIX - AIRCRAFT CHECKLIST 

1. Prior to the tests turn records on and record full brake pedal deflection, cycle 
of anti-skid switch, and full rudder pedal deflection in the normal and maneuver 
modes 

2. Notify the Test Conductor that the records are complete. 

3. Before rolling: 

a. Check anti-skid in NORM (if required) 
b Check flap position (down) 

c. Record fuel quantity 

d. Call "recorder on" and turn recorder on. 

4 While rolling: 

a. Check wheel speed indicator 

b When target speed is attained, retard throttle to IDLE and apply brakes, 
c. Note speed when brakes are applied. 

5 After stop - record fuel quantity. 

a. Call "recorder off" and turn recorder off. 

6. Cool brakes. 

7 When cleared by the Test Conductor, taxi back to runway 04 using the brakes 
sparingly. 

8. Repeat procedures from step 3 


;rv 6 <« *»» PLACES AP FTC FORM 0-1 21. JUN 71. WHICH WtLL BE CISCO 


57 

















TEST PROJECT SAFETY REVIEW 


SAFETY HCVIEW request 


MOJICT TEST TITLE 4 JON 


pW»nv4Ti 


safety review board action 


AN REVIEWED. NO OPERATING HAZARD 
S REQUIRED. 


TEST PLAN REViEWCO. FURTHER HAZARD ANALYSIS 
REQUIRED 


NAME. GRADE S TITLE 


safety review board members 


NAME, GRADE A TITLE 


Systems Engr 


Operations R 


ERIE F DESCRIPTION AND JUSTlFlCA TlON OF TEST 

'Vaa Additional ahaal cl plain bond pm par tl naadaJl __ 


These tests are a combination of ground and flight tests to evaluate 
the F-15C (PEP 2000) aircraft. Ground tests will include: Mass Prop¬ 
erties and Fuel Gaqing, Engine Trim and Static Thrust Calibration, 

Flight Control System Characteristics, Taxi Tests, Braking Tests, hai¬ 
rier Engagements, Ground Fuel Transfer and Pressrn :-a t ton, Fuel System 
Failure Modes, Water Entrapment, Maintainability, and Human Factors. 
Flight tests include: Takeoff Performance and Flying Qualities, climb 
Performance, Longitudinal Stability and Control, Maneuvering i'lmht, 
Lateral Control, Static Lateral-Aerlal Refueling, Clear Retraction and 
Extension, and Landing and Stopping Performance. These tests will bo 
conducted to evaluate the impact of the PEP 2000 modifications on es¬ 
tablished Performance and Flying Qualities, Systems futilities, mu 
Aircrew/Maintenance Procedures. The Electronic Wariaie, Radar, Wearon- 
and Environmental Systems will not be evaluated. The test conti ;.jru- | 
tions will be limited to stores currently certified on F-) C.B aircraft: j 
however external tanks will De filled with water for some ground ♦ nsr.s.i 
This test program was requested by tne F-15 System Program Office ASb V 

RE FERENCE S 

1. Air Force Technical Order 1F-15A-1, Fl ight Manual ,_jJSAF_ Series _F-1 r j 
A/B Aircraft, Revision D, Change 1, 1 May 79. "Tcon tinued'on A ten Shoe O 
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VI. 


1. The SRB was held at 1300 hours m the Directorate of Safety Confer¬ 
ence Room on 17 July 1979. In addition to the board members listed in 
Section HI# the following personnel were present: 


2. Test Description: The Production Eagle Package (PEP) 2000 modifica¬ 
tion has increased the internal fuel capacity; increased the takeoff gross 
weight capability to 68,000 Lbs and added provision for conformal tanks. 
The main landing gear assemblies have been modified to accomodate the 
increased takeoff weight. These chances include increased strut pressuiv 
new wheels and brakes, increased tire pressure and a new anti-skid, wheel 
speed sensor. Numerous minor changes co the routing of hydraulic and 
electrical lines as well as flight control linkages were made to accomo¬ 
date the increased internal fuel. The test aircraft also has been modi¬ 
fied to increase the rudder hinge moment. The intent of the design tor 
these chanqes was to maintain, as much as possible, the same handling 
qualities as the F-15A/B. 

This test series will address the impact of these changes of the aircraft 
operation with the following evaluations: 

a. Ground Tests 

(1) Aircraft mass properties ind fuel gaging characteristics 
will be investigated by use of the weight and balance facility. Fuel in 
operations will b performed in the weight and balance hnnqar while the 
fuel gaging system is powered to determine eg variations and fuel system 
characteristics. 

(2) Standard engine trim and static thrust calibration will be 
performed. 

(3) Evaluation of the breakout force and hysteresis of the flish 
control system by performing control sweeps. 

(4) Taxi tests at light and heavy weights (58,780 lbs) to eval¬ 
uate handling qualities, gear loads, and minimum radius turns. 

(5) Braking tests will evaluate brake and antiskiu performance 
at gross weights up to 59,400 lbs and uc to 80* of brake energy capacity. 
The tests will be performed on both wet and dry runway surfaces. 

(6) Landing gear loads and structural margins will bo evaluate.) 
during barrier engagements with the BAR - i 2F.R and BAK-ii barriers .it gross 
weights up to 60,000 lbs with both on ami off-center engagements and 
speeds up to 140 knots. 

(7) The fuel system will be evaluated during normal ground rofue' 
and defueling operations. Proper fuel system operation will be verified 
by the use of several normal servicing and trouble shootinq 7.0. proced¬ 
ures 

(8) Maintainability and human factors evaluation will be conduct¬ 
ed qualitatively throughout the test program. 

b. Flight Tests 

(1) Takeoff performance and handling qualities both normal and 
single engine. 

(2) Military check climbs. 

(3) Longitudinal trim and structural verification will be 

(Continued on Attached Sheet) 
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accomDlished with level accelerations. 

ITEM IV. CONTINUED 

REFERENCES CONTINUED 

2. Air Force Technical Order 1F-15C-1, Flight Manual USAF Series F-130/1) 
Aircraft , 1 Feb 79 

3. AFFTC TR 76-48, F/TF-15 A Flying Qualities Air Fo rce Do velopmo nt Test 
and Evaluation AFDTS.E) , Vo 1 ‘ I and f 1, F l na 1 Repo r t ’(S EC RET) , J u 1 7 19 7 7 

4 AFFTC TR 75-36, Fuel Subsy st em Evalu a tion , Final Report, October 1975 

5. AFPTC TR 77-7, F-15 Pe rformanc e A ir Force Devel opmen t Test a nd E val¬ 
uatio n (AFDT&E ) , Final Report (CONFIDENTIAL) July 1977’”' 

6. AFFTC Form 28 Control No. 78-70, F-16 F5D Arresting Hook System. 

2185AO, 7 Aug 1973. 

7. AFFTC Form 28 Control No. 79-11, F-1S Dunlop Carbon Brakes 2096AO, 

25 Jan 1979. 

I 

ITEM VI REMARKS CONTINUED 

(4) Pushover, pullup and windup turn maneuvers will be accon.i- 
lished to evaluate maneuvering flight characteristics. 

(5) Roll performance with 360 degree and 90 decree rolls. 

(6) Latera 1-direcfiona 1 stability will be evaluated using 
steady heading sideslips. 

(7) Short period and Dutch Roll characteristics will be evj. ju- 

(8) Handling dualities <lu.ing tracking (WQbT) using stands: i 
profiles will be evaluated. 


19) Fuel system operations will be evaluated during all ohases 
of flight as well as aerial refueling. 

(10) Landing gear extension and retraction in flight will be eval¬ 
uated to verify the existing tiiiht envelope. 

(11) Cross wind landings at light gioss weights with heavy ser¬ 
vicing of the landing gear up to JO kts of cross wind. 


J. general Procedures. 


a. Direct comrunicat ions between flight crew and test conduct ’ 
will be maintained durmi all tests and the test conductor will urovi.c. 
point- to-point ci-.-arance on test points. Build un will be used on -ill 
tests. 


b. The mass properties evaluation, on-line trim, flight cun* r ol 
^and taxi handling qualities tests will be performed prior to first 

c. Engine calibrations will be accomplished prior to performance 
ovalga tions. 

d. After approximate!, eight weeks of testing, additional ins¬ 
trumentation will be added to monitor structural loads on the landing 
gear and *ail hook. These modit ic.it ions ir>* required prior to the :uar- 
titati-.e xi tests and bar: hi engagements. 

e. Braking tests will be pvrtormed as soon as practical durin: 
the tost phase. Contractor and AFPE tests have already tested the brake 
system to 50% energy levels and verified system operation. 

f. Aerial refueling will bo used throughout the flight tost pro¬ 
gram. fuel system failure modes tests will be console tod prior to uonai 

(CONTINUED ON ATTACHED SHEET) 
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VI. 


refueling with external tanks. Mass proport i is tests will iJ«i.ti!y cri¬ 
tical eg tucl loadings and these conditions will be ir.omtoreJ dui ing 
refuelingoperations. 

g. All flight tests ate within T.'. limits. All test conditioi 
are CAS on ami control ratios AUTO except. :o: sense of the dynamic stab¬ 
ility test points and some ot tne HOP'!' tests. 

h. Landing tests will be oerformed on the main runway except 

that the :rc.;s landings nay be per formed as touch-and-gos <:n tne 

iakebed. 

4. Specific Procedures: 

a. Engine trim, flight control evaluations and fuel system oval 
uations will be in accordance with established maintenance procedures. 

b. Operations in the Weight and Balance facility will follow 
established procedures. 

c. Firefighting equipment will be on standby for all iM*-l sys¬ 
tem ground tests. j 

d. Taxi tests on both wet am: Jr- surfaces will bo perform'd n 
cleared ramp areas which will allow ac.equut** room to stop strai pit unc-ad 
without obstructions. 

e Firetrucks and crash rescue will do on standby for barrier 
and brake tests. 

f Barrier tests will be performed on the barrier test • v- i 1.*v 
at South Base in accor iano< with A1TT<*: ? 80-i*. Burnt i tists wi j . ii. 
continued when approacninj ,r >* tail hook ultimate load os t"« 
limit load -n the landing .par. 

g. High energy 1 r ike t • • s * s and s r n ; lo-*'- : * r. ■* t ikeol f wii* be 
eerforned on runway 04 to allow overrun into the lake bed. 

h. Single-engine takeolts wlII utilize a two encin* i-s i?i > 

to an intermediate speed followed by .• s i nu ie-en : me takeoff w.»h ♦!..* 
"bad” engine in idle. This is to maintain takeoff rolls at or loitw 
10,000 foot. 

i. Prior to s ing le-engine takeoff tests, s i n 1 1 e-eng i ;i« ■ . i-,b 

performance at 1000 feet All. and s i no 1 o-orig i no hanulina guaJiti, . 

5000 lect AC.L. will be evaluated. 

]. 1900 foot Truni.T.um separation between trucker and taree* will 

oe maintained during ilyl'T. 


h. Safety chase is not rcquit< 
chase procedures will be followeu 


When chase is used, stanCat i 


5. The SRft reviewed the uttacheii »HA ind the board core- l let »n Mk*s» 
test- *o bo Low Risk except for the bi .ike tests and the barrier tests. 

The Brake Tests were considered Medium Risk due to the unr*»« 
tan', v heat dissipation characteristic:, of * lie n<-w brake and wnee i 
assembl\ 


The Barrier Tests were considered Medium Risk. Although the 
proDutiiity of loss of control is considered low, little can be done t' 
Tunimizi 1 tne potential effect. 
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